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(From the Laboratory of Physiology, Harvard Medical School.) 


Axout 55 years ago Hughlings Jackson!® discriminated a hierarchy 
of functions in the central nervous system that could reasonably 
be regarded as having been developed in the course of vertebrate 
evolution. He pointed out that when there is a destructive lesion 
affecting higher functional levels a dissolution takes place, char- 
acterized by loss of control of the higher over the lower, and by 
an increased activity of the lower levels, now released from domi- 
nance from above. The idea that this excessive neuro-muscular 
display could be explained by “irritation,” though it has persisted, 
was set at naught by Jackson’s schema. He, himself, did not reject 
the concept of neuronal instability, produced by blocking of blood 
vessels, growth of tumors, or other pathological processes. Thus he 
explained the discharge of nerve impulses in the form of epilepsy 
which is known under his name. That he ever thought that the 
two conditions— release and hyperexcitability, both due to permanent 
damage—might combine to produce inordinate movements, is not 
clear. That possibility exists. 

For some years workers in the Harvard Physiological Laboratory 
have been concerned with the increased sensitiveness to chemical 
stimuli which appears in structures which have lost their proper 
nervous connections. Studies first made on peripheral organs have 
recently been extended to the nervous system. With respect for 
Hughlings Jackson’s classical contributions to this field of interest 
I propose to review our results and related results of other investi- 
gators. Because of the regularity of the appearance of the phenome- 
non in the various organs which have been studied, and also because 
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of conviction that, if tested in other organs the phenomenon would 
continue to be observed, I have ventured to suggest that we are 
concerned with a law of denervation. That law may be stated as 
follows. When in a series of efferent neurones a unit is destroyed, 
an increased irritability to chemical agents develops in the isolated 
structure or structures, the effect being maximal in the part directly 
denervated. 

In illustrating that law, let us note first what happens when 
smooth muscle is deprived of its stimulatory adrenergic fibers. 
If, for example, the dilator muscle of the iris, innervated by such 
fibers, has been paralyzed by their section and degeneration, the 
pupil, in certain conditions, is more widely dilated on the paralyzed 
side than on the normal side. This “paradoxical pupillary dilation” 
was longa mystery. In 1903, however, Anderson"? proved that the 
extra withdrawal of the denervated iris, which attended emotional 
excitement, dyspnea and anesthesia, was due to a local stimulation 
of the paralyzed radial fibers. He noted, furthermore, a similar 
phenomenon in the denervated nictitating membrane. This paradox 
of a magnified contraction of muscles which were no longer under 
nervous government Anderson attributed to an increased excitability, 
but he offered no evidence as to the exciting agent. The next year, 
1904, Meltzer and Auer® supplied that evidence. They observed 
that a day or two after removal of one superior cervical ganglion 
from rabbit or cat a selected dose of adrenaline caused a marked 
dilation of the pupil, and also a constriction of the blood vessels 
of the ear, on the operated side, but had no effect on the other side. 
These observations were soon confirmed by Elliott who also noted 
that the retractor penis muscle and the smooth muscles of hairs 
and the nictitating membrane were all sensitized to adrenaline by 
loss of their sympathetic connections. It will be recalled that the 
paradoxical pupillary dilation accompanied emotional excitement 
and asphyxia. In 1911, de la Paz, Hoskins and I'°" showed that in 
these states adrenaline is discharged into the blood stream—a fact 
which would explain the curious anomaly. And the next year 
Elliott™ reported that slight excitement of a cat induced the para- 
doxical reaction in its denervated iris and that the phenomenon 
disappeared when the adrenal glands were removed. 

Further advances in our knowledge of sensitization of smooth 
muscle when denervated were made by Hampel and by Simeone. 
Hampel’, by tracing the course of increasing sensitivity of the 
nictitating membrane after removal of the superior cervical ganglion, 
found that for about a week it became rapidly more responsive 
than the normal membrane to graded doses of adrenaline, and 
thereafter underwent a more gradual change until a maximal state 
was reached at the end of 14 to 16 days. This state may continue 
for many months. Simeone” demonstrated, however, that if the 
nerve supply to a sympathetically denervated nictitating membrane 
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regenerates, the increased sensitiveness gradually declines and 
finally reaches its previous grade. 

At this point it is pertinent to state definitely what is meant by 
“sensitization.” When I remark that a tissue is rendered more than 
normally sensitive to a given substance — by an operation, for example 
—I mean that the doses of the substance required to yield a cer- 
tain submaximal response after the operation are smaller than before; 
or that the submaximal responses to the same dose of the sub- 
stance are larger on the sensitized side than on the normal side. 
The maximal contractions of the denervated and the control inner- 
vated membrane are practically equal. Only when the contractions 
are submaximal, of course, is there opportunity for the appearance of 
increased sensitivity or increased irritability or excitability as mani- 
fest in the response. 

Now let us return to our examination of the results of nerve degen- 
eration. An effect quite as remarkable as sensitization by cutting 
the ultimate adrenergic fibers is a moderate sensitization by cutting 
preganglionic fibers. Elliott observed this effect in 1905; after extir- 
pating a stellate ganglion he noted that adrenaline was a stronger 
stimulus for the iris, blood vessels and hair muscles on the decentral- 
ized than on the intact side of the head. And Hampel found that 
section of preganglionic fibers resulted in a course of sensitization of 
the nictitating membrane, which, though having the same time 
relations as when postganglionic fibers were destroyed, was only 
about half as great. If in these conditions a maximal state had been 
reached, removal of the ganglion was followed by a second increase 
of sensitivity, which again passed through rapid and later gradual 
stages. The final level of heightened responsiveness was about equal 
to that reached by direct denervation without previous decentral- 
ization. 

The augmented sensitiveness of smooth muscle disconnected from 
the spinal cord has importance for clinical problems. In Raynaud's 
disease, for example, denervation of the over-contracted vascular 
muscle may abolish its spasm, but, as Freeman, Smithwick and White” 
have shown, the muscle becomes exquisitely responsive to circulating 
adrenaline. Furthermore, the evidence is now clear that by means 
of decentralization the constricted state of the vessels can be over- 
come, without rendering them extremely subject to a circulating 
adrenaline (cf. White *). This is exactly concordant with Hampel’s 
observations. 

We have seen that when stimulatory adrenergic fibers degenerate, 
the smooth muscle which they formerly supplied becomes more than 
normally responsive to adrenaline. The same condition is true for 
sympathin, the circulating chemical agent present in the blood after 
sympathetic stimulation, as Partington™* has demonstrated. The 
question now arises, is destruction of inhibitory adrenergic fibers 
followed by a greater effectiveness of adrenaline in eliciting inhibi- 
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tion? The answer to that question was sought by Luco.”' Elliott 
had testified that he had not observed greater ease of inhibition as 
a sequel to denervation, and Langley and Magnus” had reported 
ormal reactions to adrenaline in these circumstances. After allow- 
ing ample time for degeneration Luco recorded contractions of loops 
of rabbit intestine; they clearly revealed that the portion long 
deprived of its sympathetic nerves was more readily and persistently 
inhibited by adrenaline than were the portions freshly denervated. 
These tests were confirmed on the non-pregnant cat uterus, which is 
made to relax by adrenaline. Luco found that isolation of one of 
the uterine horns from connection with the hypogastric nerves 
resulted, after 8 or 9 days, in its being more responsive than the 
control contralateral horn to the inhibitory action of adrenaline— 
an effect recorded both in vivo and in vitro. Luco's observations on 
rabbit intestine have been supported by Youmans* who states 
that by denervation a loop of dog intestine may be made more than 
three times as responsive to adrenaline as a normally innervated 
loop. It appears, therefore, that severance of either stimulatory 
or inhibitory adrenergic fibers is followed by sensitization of the 
denervated smooth muscle to natural chemical agents. 

Smooth muscle is supplied also with cholinergic fibers which belong 
chiefly to the parasympathetic divisions of the autonomic system. 
When these fibers are severed and degenerate, does the muscle 
become sensitized to the natural chemical mediator, acetylcholine? 
In 1905 Anderson” demonstrated that degeneration of the short 
ciliary nerves, after removal of the ciliary ganglion, was accom- 
panied by an increased responsiveness of the paralyzed pupillo- 
constrictor muscle to pilocarpine. Since that drug mimics para- 
sympathetic impulses there was a high degree of probability that 
there would be a similar response to acetylcholine. Shen and [*° 
found that to be true. When we instilled a strong solution of acetyl- 
choline (1 to 5%) into the conjunctival sac, there was no effect 
on the normal iris. After excision of the ciliary ganglion, however, 
and delay for deterioration of the nerve filaments, instillation of the 
same solution caused a striking constriction of the paralyzed sphinc- 
ter. On this sensitized muscle a more dilute solution of acetyl- 
choline (0.1 to 0.01 %) was ineffective. After previous treatment 
with eserine, which protects acetylcholine from rapid destruction 
by a cholinesterase, the dilute solution produced a marked contrac- 
tion. This myotic action of the drug could not have been due to 
eserine, for, as Anderson showed, eserine has no influence on the 
iris sphincter if its nerve supply has degenerated. To smooth muscle 
rendered more responsive to adrenaline when its adrenergic fibers 
are destroyed one may add, therefore, smooth muscle sensitized 
to pilocarpine and acetylcholine by destruction of its cholinergic 
fibers. 


We now turn to a consideration of glands. Do they likewise 
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respond to a greater degree to chemical stimuli after they have been 
freed from nervous control? Evidence on this point has come from 
studies on the lachrymal gland and the submaxillary. Maes” found 
that the secretion of tears was increased by intravenous injections 
of adrenaline, pilocarpine or acetylcholine. Removal of the superior 
cervical ganglion caused no immediate change in the response of 
the sympathetically denervated gland, but if the tests were made 
11 days or more after the operation the drugs induced a considerably 
greater secretion on the denervated than on the control side. In 
obtaining these results Maes had to collect the fluid in the conjunc- 
tival sac by means of bibulous paper, of standard size, left in place 
for a uniform period, and accurately compared as to weight before and 
after the exposure. 

The submaxillary is a more satisfactory gland to study, because 
its secretion can be registered directly by cannulation of the duct, 
and furthermore its status can be examined after a fairly easy exclu- 
sion of either the sympathetic or the parasympathetic control. 
Simeone and Maes* excised one superior cervical ganglion in the 
cat—an animal in which sympathetic impulses evoke submaxillary 
secretion. Many days (47 to 90) after this operation they determined 
the effects of intravenous injections of adrenaline, acetylcholine and 
pilocarpine on the salivary flow from the two glands, one previously, 
the other freshly denervated. In a few instances the output was 
approximately equal, but in the great majority of the tests the gland 
long deprived of its sympathetic nerves discharged much more 
saliva than its fellow—after adrenaline an increase commonly above 
50%, after acetylcholine an increase ranging from 15 to 50%, and 
after pilocarpine 100% greater than the control. 

The influence of exclusion of parasympathetic impulses must be 
studied mainly by severance of preganglionic fibers, for only few of 
the final neurones have their cell bodies outside the gland. Pierce 
and Gregersen® severed the chorda tympani nerve on one side in 
dogs. Standard intravenous injections of pilocarpine had proved 
that, in normal conditions, the rates of secretion from the two sub- 
maxillary glands are identical. Within 6 days after its chorda tym- 
pani had been cut, however, the decentralized gland responded more 
readily to pilocarpine; the salivary flow not only appeared more 
promptly but also in greater amount than from the opposite control 
gland. The effect developed fully in 2 or 3 weeks, and was undi- 
minished 6 months or even a year after the operation. Acetylcholine, 
curiously, was reported as having a depressant influence. Special 
attention was not given to its action, however, and further study 
may resolve the anomaly. Enough is clear, however, to show that 
glands, like smooth muscle, become more readily responsive to chem- 
ical agents when deprived of their nervous connections. 

A point which may now be considered is that denervated struc- 
tures become more responsive not only to the agents which are their 
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natural stimulants, e.g., adrenaline and acetylcholine, but to othe . 
agents as well. Thus, Rosenblueth®* found that the nictitating mem- 
brane, after loss of its adrenergic fibers, was superexcitable to adren- 
aline, of course, but also to acetylcholine, pilocarpine and eserine. 
The lachrymal and submaxillary glands, when denervated or 
decentralized, likewise show a lack of specificity in relation to the 
stimulus which evokes the excessive response. This fact will be 
illustrated further as we proceed to examine the results of denerva- 
tion on skeletal muscle and on nerve cells. 

First, skeletal muscle. In 1863, Philipeaux and Vulpian® reported 
the puzzling fact that after severance and degeneration of the hypo- 
glossal nerve, stimulation of the lingual nerve, ordinarily without 
effect, causes a slow response of the denervated muscles of the 
tongue. This effect was proved to be due to some influence contrib- 
uted by the chorda tympani. Phenomena similar to this Vulpian 
reaction were observed by Rogowicz,?? who noted a sluggish move- 
ment of denervated facial muscles when the cervical sympathetic 
was stimulated, and by Sherrington,*' who saw a like “pseudomotor’”’ 
effect in muscles of the hind limb of a cat after the motor fibers had 
degenerated and the peripheral nerve was then stimulated. During 
the past 10 years the mystery of this phenomenon has been explained 
by accumulated evidence that it results from a leak of acetylcholine 
from the smooth muscles of blood vessels when they are affected 
through cholinergic fibers. This response does not ordinarily occur 
because, normally, skeletal muscle is not excited by the concentra- 
tion of acetylcholine which is set free from the vascular muscles. 
When the motor nerves of a skeletal muscle have degenerated, 
however, it becomes sensitized. Then a local diffusion of acetyl- 
choline, or an intravenous injection of it, both normally subthreshold, 
evokes in them the typical slow contracture. 

The degree of increased sensitivity can be estimated. In the frog 
and fowl, the increase is about ten-fold (Brown and Harvey‘); in 
the mammal, it may be as great as a thousand-fold (Brown, Dale, 
and Feldberg’). A curious manifestation associated with it has 
been reported by Bender.* After severance of the facial nerve on 
one side in monkeys, and a delay of at least 6 days, fright induces 
a slowly developing persistent ‘‘contraction’”’ of the denervated 
muscles. This fright reaction can be duplicated by an injection 
of acetylcholine and is intensified by protective eserine. The paral- 
lelism between the effects of fright and of acetylcholine is interpreted 
as indicating that the latter, secreted in the body during fright, is 
conveyed by the blood in sufficient concentration to influence the 
sensitized muscles. The source of acetylcholine which could pro- 
duce the effect has not vet been learned. 

That motor nerves of skeletal muscles are cholinergic was deci- 
sively proved by Dale and Feldberg™ in 1934. Sensitization to 
acetylcholine was therefore to be expected. But skeletal muscles 
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lacking their normal nerve supply become more responsive also to 
potassium chloride, nicotine and to other substances belonging to 
the nicotine group (cf. Dale and Gasser"). Again one notes that 
the greater responsiveness of the denervated structures is not 
related solely to the natural stimulus, but is manifest when other 
chemical agents are tried. 

The next step in our inquiry was concerned with the sensitization of 
nerve cells. The final neurones of the sympathetic system, with 
cell bodies in the ganglia of that system, receive nerve impulses from 
the preganglionic fibers. At this neuro-neural junction acetyl- 
choline serves as a mediator of transmission just as it does at the 
neuro-myal junction in skeletal muscle. Indeed, the events which 
occur at these two synapses are in many respects strikingly alike 
(cf. Rosenblueth and Cannon*). It is reasonable, therefore, to 
regard the ultimate sympathetic neurones as being innervated by 
the penultimate neurones. The question naturally arose, if the 
preganglionic fibers— those of the penultimate neurones— are cut and 
degenerate, are the final neurones sensitized to chemical stimulators? 

An answer to that question was sought by Rosenblueth and my- 
self in 1936. We used the nictitating membrane of the cat as an 
indicator. After severance of the preganglionic fibers in the cervical 
sympathetic strand on one side there was a wait of at least a week 
for degeneration of the severed axones; the animal was then anes- 
thetized with “‘dial,”’ the preganglionic fibers of the still intact con- 
tralateral sympathetic strand were cut, and both nictitating mem- 
branes were arranged to record simultaneously. 

Two tests were applied. The first involved injection of acetyl- 
choline intravenously. That required previous removal of the 
adrenal glands, because acetylcholine excites adrenal secretion, and 
secreted adrenaline acting on the nictitating membrane could con- 
fuse the result. Unfortunately, a number of preparatory drugs had 
to be employed: atropine to lessen the depressive action of acetyl]- 
choline on blood pressure, curare to prevent the peculiar stimulation 
of the extrinsic eye muscles by acetylcholine, and eserine to shield 
the injected acetylcholine from being destroyed by cholinesterase. 
After these preliminary steps were taken, an injection of 0.3 or 0.5 mg. 
of acetylcholine caused the membrane on the previously denervated 
side to undergo a quick contraction, followed by signs of an included 
slow contraction and thereupon a gradual relaxation; on the other 
hand, the membrane on the freshly denervated side did not shorten 
at all. After the superior cervical ganglia had been removed and 
the same doses were repeated, the quick contraction wholly disap- 
peared and a slow contraction, which persisted, was much less than 
when the ganglia were present. The inferences were drawn that the 
quick, high response of the membrane supplied by the previously 
denervated ganglion cells was due to a discharge from these cells; 
and, since it did not occur on the side where the ganglion cells were 
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freshly denervated, that the responsive cells had acquired an 
increased sensitiveness to acetylcholine. 

The defects in this evidence are two: first, the possibility of a 
differential effect of the preparatory drugs on the two sides, and 
second, the possibility of stimulating the sensitized membrane as 
well as the ganglion cells by the injected acetylcholine. In order 
to avoid these possible errors a much simpler method was devised 
—that of applying pledgets of cotton wet with acetylcholine (e.g., 
1% solution) directly to the exposed ganglia. After a brief latent 
period the nictitating membrane connected with the long dener- 
vated ganglion sharply contracted, while that connected with the 
opposite ganglion, just denervated, did not respond. It should 
be emphasized that as soon as the contraction was fully devel- 
oped the pledgets were removed and the ganglia washed with nor- 
mal salt solution. The test could then be repeated. That the 
unresponsive membrane was capable of contracting was proved by 
injecting adrenaline, and showing that it responded well, even though 
the corresponding contraction of the sensitized side was less than that 
induced by the pledget on the ganglion. If both ganglia were 
removed and the acetylcholine was applied on pledgets in their 
former positions, there was no effect. The special response on the 
previously cut side was not, therefore, due to transport of acetyl- 
choline from the region of the ganglion to the membrane, but resulted 
from direct stimulation of the ganglion cells sensitized by degenera- 
tion of the preganglionic fibers which had formerly innervated them. 

Such was the conclusion which Rosenblueth and I? drew from 
our experiments. The experiments were questioned, however, by 
Briicke, working in Dale’s laboratory. There is no need to describe 
technical details of the differences between his methods and ours. 
That his results differed from ours was not surprising, for a number 
of reasons. First, in repeating our experiments of injecting acetyl- 
choline he did not duplicate our conditions, for he omitted the use 
of curare, and that, we showed, significantly modified the results. 
Also, in repeating our experiments of locally applying the drug to 
the ganglia Briicke® changed the conditions; he injected atropine 
(which has a depressant action on the response of the nictitating 
membrane), whereas we avoided use of any drug save the anesthetic. 
A further reason for Briicke’s different results is that he gave mainly 
excessive doses of the stimulating substances. Thus, in experi- 
ments which he illustrated, he injected 30 to 70y of adrenaline, as 
contrasted with our more moderate amounts of less than 207; 
and to duplicate the effects of large doses of adrenaline he had to 
give large doses of acetylcholine, 2 to 5 mg., as contrasted with ours 
which were less than 1 mg. It is perhaps unnecessary to point out 
again that differences of sensitivity cannot be determined by tests 
which are not discriminative, but have maximal effects on both the 
more and the less sensitive structures. Finally, Briicke failed to 
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publish the time during which the pledgets wet with acetylcholine 
were applied to the ganglia; if that time is long, the effects are like 
those resulting from large doses—discrimination is absent, because 
the two sides, the more and the less excitable, are both stimulated 
to action. 

In the face of this difference of testimony, however well justified 
the criticism of Briike’s experiments may be, another method was 
‘alled for which would yield decisive results. The essential point was 
a separation of a direct action of acetylcholine on the nictitating 
membrane and an indirect action by way of the ganglion. A method 
assuring this required condition, and the results obtained by use of 
it, were reported by Rosenblueth and myself?” in 1938. After pre- 
paring the previously denervated and the freshly denervated super- 
ior cervical ganglia we tied the external carotid arteries and made 
ready to inject acetylcholine into the common carotids. This arrange- 
ment had two definite advantages. First, it provided that the drug 
would have direct action on the ganglion, but required a devious 
course in the blood stream before there could be action on the mem- 
brane; thus the two effects were separated in time. Also, because 
of direct action on the ganglion, very small amounts of acetylcholine 
could be injected (5 to 10 thousandths of a milligram)—amounts so 
small that, while influential on the ganglion, they were without influ- 
ence on the membrane depressed by atropine; thus, again, the effects 
on the two structures were separable. 

Without atropine an injection of acetylcholine in adequate doses 
into either common carotid resulted in a contraction of the nictita- 
ting membrane in two stages—an initial sharp contraction having 
a latency of about 1 second, and a slower further contraction with 
a latency varying from 9 to 20 seconds. Similar injections after 
removal of the superior cervical ganglion resulted in complete dis- 
appearance of the initial sharp contraction, without modification 
of the delayed component. After atropine, with both ganglia in 
place, there was a slight reduction in the height of the initial compo- 
nent (but no change in the brief latent period) and an abolition of 
the delayed contraction. It is quite certain, therefore, that the 
quick initial rise in the record marks the response of the ganglion, 
while the belated rise is due to direct action of acetylcholine on the 
membrane. 

Repeated tests on 7 animals proved that the previously dener- 
vated ganglion was consistently about four times more sensitive than 
its freshly denervated companion, 7. e., the threshold concentration 
of acetylcholine was only about one-fourth as great. In all these 
animals intravenous injections of adrenaline, which evoked responses 
on the previously denervated side equal to those caused by a small 
dose of acetylcholine, invariably elicited also a clear response on the 
control side. The evidence here presented demonstrates conclusively 
that the final sympathetic neurones, bereft of preganglionic fibers by 
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section and degeneration, become sensitized to their natural stimu- 
lating agent, acetylcholine. 

Observations which Simeone, Rosenblueth and I reported in 
1938 have a significant bearing on the results just described and 
also on the next development of this series of studies. We examined 
the effect of partial denervation of the superior cervical ganglion. 
The rami communicantes of the first and second thoracic nerves 
were cut and time was allowed for the fibers to degenerate. Accord- 
ing to Langley this procedure might be expected to cause a loss of 
50% or more of the preganglionic fibers which supply the nictitating 
membrane. Some weeks after this operation the rami of T-1 and 
T-2 were cut on the control side, the thoracic sympathetic chains 
were crushed below T-4, and shielded electrodes were so placed on 
each chain as to include and stimulate the fibers from T-3 and T-4. 
The contractile response to equal stimulation of an approximately 
equal number of preganglionic fibers on the two sides was much 
greater from the partially denervated ganglion prepared previously 
than from the partially denervated ganglion prepared freshly. The 
greater contraction might be explained as due to repetitive discharge 
from cells in the isolated ganglion because the cholinesterase, known 
to disappear from the fully denervated ganglion, becomes insufficient 
for rapid destruction of acetylcholine, which therefore persists and 
continues to act. Or it might be explained as a consequence of stim- 
ulation of a larger number of slightly innervated cells—cells ordi- 
narily in the ‘‘subliminal fringe,’’— because they have become sensi- 
tized. Whatever the explanation the important fact emerges that 
partial denervation of ganglion cells renders them more highly 
responsive—an effect which, from what we know of total denerva- 
tion, can reasonably be attributed to destruction of preganglionic 
fibers. 

The sensitizing of ganglion cells by denervation or partial denerva- 
tion naturally suggested that the nerve cells of the brain and spinal 
cord might be sensitized if they were ‘‘denervated,” 7. e., deprived 
wholly or in part of the nervous connections from which they routinely 
receive impulses. As a region for testing this idea Haimovici and i 
I® selected the lower portion of the spinal cord, for a number of 
reasons. First, semisection of the cord interrupts descending fibers ; 
of the cut side without noteworthy effects on the opposite side. 4 
Again, the operation is relatively simple and well borne. Further- 4 
more, a single muscle, the quadriceps, attached to the patella and 
supplied by a readily accessible nerve, can be easily isolated and Ve 
used as an indicator of nervous discharges. In addition, by means i 
of a thread looped about the end of the aorta the direct blood supply . 
to the muscle can be promptly and temporarily shut off while that 
to the cord is continued. And finally, injection into the lower thor- 
acic aorta permits chemical agents to be delivered locally to both 
sides of the cord in a concentration not affecting the rest of the 
nervous system. 
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Accordingly the spinal cord was semisected, aseptically, above 
the sacral enlargement and, after a wait of at least five days to allow 
the severed axones to degenerate, the animal was prepared for the 
acute experiment. Under ether anesthesia the brain was pithed, 
the two quadriceps were arranged for recording and the aorta was 
exposed in the lower thorax for injections. To simplify the muscular 
responses most of the leg muscles were paralyzed by severance of 
the sciatic nerves. Each quadriceps pulled against a rubber band 
attached to the writing lever. The intact side of the cord was not 
cut, because after the brain was pithed there was no evidence of 
superior influences affecting the sacral centers, also because cutting 
the cord freshly was shown to have a depressant effect, and finally 
because, with the cord previously semisected on one side and semi- 
sected only one day on the other side, differences were recorded from 
the two sides which were the same as if the control side had been 
left intact. 

When strychnine sulphate was injected into the lower aorta there 
resulted many more jerks on the cut than on the control side, or an 
appearance of clonus on the cut side which was more continuous 
and more persistent than on the opposite side. In one instance 
the clonus on the cut side persisted for 68 minutes, at the rate of 
about 13.5 contractions per second, thus yielding a total of more 
than 55,000 contractions, while the intact half of the cord was quite 
inactive. 

Injections of acetylcholine, when the femoral nerve was severed, 
revealed the interesting fact that the quadriceps on the cut side is 
sensitized to that chemical agent. That acetylcholine, however, 
stimulates the cells of the spinal cord can be shown by blocking the 
direct blood flow to the recording muscles (the femoral nerves being 
intact, of course) and then injecting; with a properly selected dose 
there is a response on the cut side but not on the intact side, as indi- 
cated by the muscularcontractions. And, if nownervousand vascular 
connections are left undisturbed, an injection of acetylcholine brings 
forth a striking effect —a combination of the direct muscular and the 
neuronal stimulations, much more marked on the semisected than 
on the other side. 

Strong salt solutions are known to have convulsant action on 
the central nervous system. When a small amount of a half-satur- 
ated solution of sodium carbonate is injected into the aorta, the effect 
is outstanding on the semisected side and only slightly present on 
the intact side. 

Perhaps the most striking mode of displaying the difference in 
sensitivity of the quadriceps centers on the two sides of the cord is 
by inducing asphyxia. This mild procedure can be repeatedly used. 
The asphyxial state consistently provokes a much more remarkable 
reaction on the cut side. 

In these various experiments there were controls, by section of 
the femoral nerves, which ruled out direct muscular stimulation, 
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and by frequent testing of the quadriceps jerk, which ruled out 
damage to the reflex centers. The inference was drawn, therefore, 
that, as neurones of the superior cervical ganglion are sensitized 
by severance and degeneration of nerve fibers which routinely deliver 
impulses to them, neurones of the spinal cord are analogously sen- 
sitized by partial exclusion of their normal nerve connections. 

The phenomenon of sensitization of skeletal muscle to acetyl- 
choline by severance of some fibers which innervate the ultimate 
motor neurones (Hoff!’) appears to be analogous to the sensitization 
of the nictitating membrane to adrenaline by section of the pre- 
ganglionic fibers, and sensitization of the submaxillary gland to 
pilocarpine by cutting the chorda tympani nerve; in all three con- 
ditions damage to penultimate neurones results in a heightened 
responsiveness of the organ still connected with the ultimate neurones. 
There is some indication that the peripheral effect may be produced 
at least one step further back in the neuronal series, for Ascroft® 
discovered that when the cord is semisected at T-7—thereby inter- 
rupting antepenultimate or perhaps anterior neurones—the blood 
vessels of the foot on the cut side are especially responsive to adren- 
aline. 

We have now seen that smooth muscle, whether normally stim- 
ulated by parasympathetic influences or stimulated or inhibited by 
sympathetic influences, is rendered more excitable to chemical 
agents by destruction of the ultimate innervating neurones. The 
same condition results when glands, subject to sympathetic impulses, 
or skeletal muscle, or peripheral or spinal neurones, are fully or, 
in some instances, partially denervated. And to some degree smooth 
muscle, glands and skeletal muscle are thus affected if penultimate, 
and possibly antepenultimate neurones are destroyed. These are 
pertinent instances of a law of denervation which I formulated earlier 
in this lecture. It is of historical interest that, in 1880, Claude 
Bernard,® on the basis of relatively few observations, expressed the 
opinion that “the excitability of all tissues seems to augment when 
they are separated from the nervous influence which dominates 
them’’—a remarkable instance of perspicacity. 

The evidence that neurones in the spinal cord are sensitized by 
being separated from their proper controls naturally raises questions 
as to the effects of disappearance of neuronal paths elsewhere in the 
nervous system. I have no experiments to report on the cerebral 
cortex. Some observations by Bard,* however, are highly suggestive. 
In cats, he removed surgically all the cortex on one side except the 
motor area of the frontal pole. The opposite cortex was left intact. 
The animals, after being studied for considerable periods, were 
lightly anesthetized with dial and then subjected to a cortical explor- 
ation. Electrical stimulation revealed a marked difference in the 
responses of the two sides. In 2 animals the isolated motor area 
had a threshold very much lower than the motor area on the intact 
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side; and in a third animal stimulation of either the foreleg or hind- 
leg area in the cortical remnant resulted in a vigorous and prolonged 
after-discharge involving both legs. Similar stimulation of the 
intact motor cortex had no such effects. Of course, the much aug- 
mented sensitiveness and the marked after-discharge, reported by 
Bard, may have been due to release of the isolated motor area from 
inhibitory influences. From what we have learned from other 
“denervations,’ however, it seems not unreasonable to infer that 
the cortico-spinal neurones and perhaps subordinate neurones have 
been rendered more excitable to electrical stimuli by loss of contacts 
with other neurones which formerly delivered impulses to them. 
A superirritable state may, of course, play a réle even though 
release from inhibition is also a factor in the peculiar increase of 
responsiveness. 

In discussing epilepsy, Jackson wrote of the “discharging lesion” 
as a “physiological fulminate,” 7. e., the normal cells of a center 
becoming a hy perfunctioning part of it. Thus, there may be an 
abrupt and excessive local discharge from some highly unstable 
part of the cerebral hemisphere. What produces the instability? 
As already noted, Jackson suggested that tumors or blocking of 
blood vessels might produce it. “‘No one can suppose that a tumor 
discharges,’ he wrote; ‘“‘the tumor leads to instability of the grey 
matter” and ‘‘the discharge causing the convulsion is of this unstable 
grey matter.’”’ Is it not possible that tumors, and such lesions of 
the motor area of the cortex as are associated with the name of 
Hughlings Jackson, may induce instability of the neighboring 
cortical cells by destroying their connections with other cortical 
cells? If that should prove to be true, it would be another illustra- 
tion of the law of sensitization of denervated structures which I 
have endeavored to illustrate. Here is work to be done—work in 
which the great neurologist whom we memorialize today would be 
deeply interested. 
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BLOOD VISCOSITY. 


WITH SPECIAL REFERENCE TO CAPILLARY, ARTERIAL (APPROXIMATE), 
AND VENOUS BLOOD SPECIMENS. 


By Artuur A. Hotpsroox, M.D., 
CLINICAL INSTRUCTOR IN MEDICINE, MARQUETTE UNIVERSITY SCHOOL OF MEDICINE, 
AND 
M. Virainta Watson, A.B., 


TECHNICIAN, CLINICAL LABORATORY, MILWAUKEE COUNTY DISPENSARY, 
MILWAUKEE, WIS. 


(From the Department of Medicine, Milwaukee County Dispensary.) 


DvRInG the past 30 years considerable discussion has appeared in 
the literature concerning the relationship between the size and 
number of blood cells and blood viscosity. 

In 1911 Hess,’ using his viscosimeter, studied suspensions of 
particles “like red blood cells” in varying proportions in plasma. 
The plotted curve showed that with increase in the number of 
particles, the viscosity rose. Reference was made to a similar curve 
obtained by Blunschy who worked with erythrocytes. Langstroth? 
showed in 1911 that venous stasis produced by a tourniquet to the 
arm was accompanied by an increase in the relative volume of 
erythrocytes and a rise in the viscosity of a venous blood sample. 
Bircher? in 1921 revived interest in the instrument of Hess. Among 
other points he asserted that blood viscosity is directly related to 
total red cell volume. Nine years later Harris and McLoughlin‘ 
wrote in regard to their series of hypertensive patients that blood 
viscosity could not be correlated with the number, diameter, or 
volume index of red cells. More recently, however, Baldes, Essex, 
and Markowitz! have shown that crotalin causes red cells to swell 
and that with their greater volume, the viscosity of the blood 
increases. ‘Tanaka™ obtained similar results using suspensions of 
erythrocytes in solutions of varying saline concentrations. Further- 
more, Markson® has presented data on a group of patients with con- 
gestive heart failure, indicating that blood viscosity varies directly 
with the size and number of red blood cells. Finally, Nygaard, 
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Wilder, and Berkson® have demonstrated that the relation between 
blood viscosity and the relative volume of erythrocytes (hematocrit 
value) can be expressed by linear formulas. Stephens" has shown 
that similar curves are obtainable using suspensions of white blood 
cells in plasma. 

Our purpose has been to study the relationship between red cell 
count and viscosity and to determine the possible influence of the 
hemoglobin content of the cells; to establish normal viscosity values; 
to compare red cell counts and viscosities of capillary, arterial 
(approximate), and venous specimens taken nearly simultaneously 
from the same subject; and finally, to combine viscosity and venous 
pressure tests. 


Method. The Hess viscosimeter was the instrument chosen for this 
study because the originator had defended it so successfully from early 
criticism,” because many have used this type and 
found it satisfactory, and because the apparatus lends itself nicely to bedside 
manipulation. 

The technique employed was fundamentally that described in the 
pamphlet accompanying the apparatus dispensed by Arthur H. Thomas 
Company, Philadelphia. Special attention was paid to having the patient 
rub his hands together in “hot water (about 40° C)” for at least 5 minutes 
in order to produce “active hyperemia.”” The middle finger tip was usually 
selected. Ether was used to clean and dry the skin. The stab wound was 
made sufficiently deep with a triangularly pointed suture needle so that 
the blood would well up freely with minimal or no squeezing of the finger. 
Such a specimen was considered to be approximately arterial in origin. 
The blood reservoir tube was quickly filled; and the viscosity, determined. 
Then from a fresh drop of blood the red cell counting pipette and hemoglobin 
pipette were filled. 

Variations in the above procedure were admitted only in obtaining capil- 
lary and venous blood samples. The withdrawal of capillary blood differed 
in that no attempt was made to produce hyperemia. Venous blood was 
obtained from the cubital or median veins. About 4 cc. were withdrawn, 
using a 2l-gauge needle fitted to a 5-cc. syringe, and immediately trans- 
ferred to a small flat bottom glass container. From the latter, the blood 
was sucked into the reservoir tube of the viscosimeter by means of the 
rubber attachment of a hemocytometer pipette. The viscosity was promptly 
determined by one of us (V. W.), while the other filled the pipettes for red 
cell and hemoglobin tests. The time required for these procedures was 
sufficiently short to obviate the need for an anticoagulant. The tourniquet 
was tightened around the upper arm only long enough to allow puncturing 
the vein and was removed before the blood was withdrawn. The glassware 
was kept chemically clean and was thoroughly dried before use. 

For the red cell counts a Levy-Hausser counting chamber was used. 
Each determination represented an average of 2 counts with a variation of 
less than 10°%. In counts over 6 million it was found helpful to make 
dilutions of 1 to 3334 instead of 1 to 200, by drawing the blood to 0.3 rather 
than the 0.5 mark on the pipette. The sum of the cells in 80 small squares 
of the chamber was multiplied by 5/3, and then 4 ciphers were added to 
give the count per cubic millimeter. The Haden-Hausser hemoglobinometer 
(laboratory model) was employed, 15.4 gm. of hemoglobin representing 
100%. The venous pressure determinations were made by the direct 
method using the apparatus of Griffith, Chamberlain, and Kitchell’ and the 
technique described by Holbrook.® 
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Standardization in these studies was maintained with rare exception in 
the following manner: one of us (V. W.) made all the viscosity tests and 
blood counts; the other (A. A. H.) took all the venous pressures. In the 
combination series the former determinations were usually made within 
24 hours of the latter. Nearly all the examinations were carried out in the 
late morning just before luncheon. 


The data presented below were obtained from a group of 118 indi- 
viduals most of whom were medical students and nurses. For the 
most part their studies furnished the normal and control values. 
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Cuart 1.—Blood viscosity is plotted against color index. Red cell counts, hemo- 
globin and viscosity values were obtained, 160 times from 118 individuals. 


The rest of the subjects were medical out-patients chosen because 
of abnormal counts. In all, there were 63 males and 55 females. 
The range in ages extended from 15 to 75 vears as follows: 48 sub- 
jects between 15 to 30 years; 26 between 30 and 40; 27, 40 to 50; 
8, 50 to 60; and 9 between 60 to 75. 

From Chart 1 viscosity against color index, it can readily be seen 
that there is no correlation between these two variables. As would 
be expected, an entirely similar chart, not included here, resulted 
from plotting viscosity against hemoglobin values. 
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Chart 2 presents !64 red cell counts plotted against the cor- 
responding viscosities. It is apparent that there is a direct relation 
between red cell count and viscosity as shown by the linear grouping 
of the points. 

The square in Chart 2 is drawn to encompass what we have arbi- 
trarily chosen as normal values. Ninety-seven cases are represented 
in this area with 121 determinations indicated. The red cell count 
varies from 4,100,000 to 5,850,000 per c.mm.; and the viscosity, 
from 4 to 6. 
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Cuart 2.—Blood viscosity is plotted against red cell count (millions per c.mm.). 
There are 164 points representing determinations on 118 individuals. 


Chart 3 expresses in a different way the data contained within the 
square of Chart 2. Among the 97 individuals in this group there 
were 19 upon whom more than one test was done. For each of 
these cases the figures were averaged and arranged in Chart 3 to 
show their distribution within the limits defined as normal. It will 
be seen that the tendency is toward a hyperbolic curve. Sixty- 
nine per cent of the cases have red cell counts between 4,500,000 
and 5,500,000 per c.mm.; and 65% have blood viscosities between 
4.6 and 5.6. The average red cell count for the 97 subjects was 
5,020,000; the average viscosity, 5.08. 
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Chart 4 gives the results of capillary, arterial (approximate), and 
venous red cell counts plotted against their respective viscosities. 
This combination of 6 determinations done within a few minutes of 
each other was made 31 times on 19 patients. The points fell in 
the same general distribution as those shown in Chart 2. On 
studying the figures to see which of each group of 3 points came 
closest to the diagonal line, it was found that the capillary was 
closest in 8 instances; the venous, in 10; and the arterial, in 15. It 
happened twice that the venous point was as close as the arterial. 

No regularity, however, was observed in the differences encoun- 
tered between the capillary, arterial, and venous red counts and 
viscosities either on repeated tests of the same individual or on 
considering the study as a whole. For example, comparison of the 
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Cuart 3.—This chart represents the data within the small square in Chart 2, 
which was drawn arbitrarily to include normal figures. Thus, the distribution over 
the normal ranges of blood viscosity and red cell values is shown graphically for 97 
cases. 
31 capillary, arterial, and venous red cell counts brings out that 
the relative heights of the counts occur in no regular proportion. 
This is shown in the following table in which the various combina- 
tions are arranged in order of diminishing values from left to right. 
Thus, the first line indicates that in 6 instances the venous count (V) 
was higher than the arterial (A) and the arterial, higher than the 
capillary (C). 


V >A >C: 6 times C >V>A:7 times 
V >C >A:7 times A >V >C: 3 times 
C >A >V:7 times A >C>V: 1 time 


Furthermore, if for each group of 3 tests the difference between 
the arterial and capillary counts is compared with the difference 
between the arterial and venous counts, the results show that the 
former is smaller than the latter 14 times; and greater, 17 times. 
Similar comparisons of the differences between capillary-arterial 
and capillary-venous counts on the one hand and venous-arterial 
and venous-capillary counts on the other hand, show again that the 
variations are nearly evenly divided between being greater and 
smaller. 
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Chart 5 represents the plotting of blood viscosity against venous 
pressure. These tests were given to 30 patients with normal venous 
pressures, 2 of whom were examined twice. From the distribution 
of the points one can find no tendency toward direct relation 
between blood viscosity and venous pressure. 

Discussion. Attention was paid to hemoglobin values in this 
study, because of the assertions by Hess® and Blunschy that a par- 
allel relationship exists between hemoglobin and viscosity. Hess 
expressed this relation in the formula Q = He mmogionin a quotient 

\ Iscosity 
of 17 to 21 being considered normal. From our studies expressed 
in part in Chart 1, we could discover no significant relation between 
hemoglobin and viscosity. Comparison of Chart 2 with Chart 1 
indicates that it is the number of red blood cells which influences 
blood viscosity and not their hemoglobin content. Others!:*:*? have 
shown that the size of the erythrocytes is also a determining factor. 

The pertinent data available from the literature on normal blood 
viscosity are given in the following table. Our material is included, 
and it will be seen that our average figure of 5.08 falls in the mid- 
zone between the figures given by the other investigators. 


TABLE 1. 
Viscosity. 
Type 
Author of Age group No. of 
d instru- (yrs.). tests. Normal 
ment. Average. 
Bircher? Hess 10-80 Not given Not given 4.2-4.9 Not given 
Harris and Hess Not given 21 Not given 4.0-6.0 0'5.45 
McLoughlin‘ 95.3 
Markson* Hess Not given 30 Not given 4.0-6.0 5.32 
Hess* Hess 20-80 Not given 124 "4.3-5.3 4.57 
93.9-4.9 
Holbrook and Hess 15-75 97 121 4.0-6.0 5.08 
Watson 


The studies on capillary, arterial (approximate), and venous 
blood and on venous pressure were conducted with the idea of 
determining whether or not the technique described by Hess for 
obtaining blood samples was entirely satisfactory. The statement 
is not infrequently found in the literature*.* that with circulatory 
stasis the CO, level of the blood rises and with it the viscosity, due 
to an increase in the size of the red cells. Langstroth’ has presented 
evidence to show that a rise in venous pressure increases the vis- 
cosity of venous blood not because of changes in the CO,-O, propor- 
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tion but because of a concentrating effect on the cells due to loss of 
fluid into the tissues. Root, Thompson, and White!® have written 
that increased venous pressure produces a high venous red cell 
count and a low capillary count. These investigators and Langs- 
troth have observed that normally there is no appreciable difference 
between capillary and venous red cell counts. It was because of 
the above considerations that we assembled. the data presented in 
Charts 4 and 5. 
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Cuart 4.—Capillary, arterial (approximate), and venous red cell counts (millions 
per cmm.) are plotted against the viscosities of the respective blood samples; 31 
such tests were performed on 19 patients. 


We also found no significant differences between capillary and 
venous red counts and in addition the so-called arterial counts. 
Our charts show that the viscosity tends to increase in direct pro- 
portion to the red cell count no matter from what source the blood 
comes, and that venous pressures within normal limits apparently 
exert no influence on blood viscosity. Therefore, since the readings 
obtained according to the method of Hess (arterial in Chart 4) 
approach the theoretically normal line the closest, we conclude that 
this method is indeed satisfactory. 
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Conclusions. ‘The conclusions to be drawn from our study and 
the reports in the literature may be given briefly as follows: 
1. There is no correlation between blood viscosity and color index. 
2. There is direct relation between the number of erythrocytes 
and blood viscosity. 
3. The normal, average, blood viscosity value is about 5. 
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Cuart 5.—Blood viscosity is plotted against venous pressure (in millimeters of water). 
Thirty-two tests were made on 30 individuals. 


4. The blood samples taken from a finger tip in which hyperemia 
has been produced (so-called “arterial” blood) give as reliable 
results as capillary or venous specimens. 

5. There is no correlation between venous pressure within normal 
limits and blood viscosity. 

6. Comparative studies of capillary, arterial, and venous bloods 
indicate that this method gives entirely satisfactory results. 
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CLINICO-HEMATOLOGIC EVALUATION OF BONE 
MARROW BIOPSIES. 


By Mavrice Morrison, M.D., 
HEMATOLOGIST AND ADJUNCT ATTENDING PHYSICIAN IN MEDICINE, 
AND 
A. A. Samwick, B.S., M.D., 

ASSISTANT IN HEMATOLOGY AND SEROLOGY, 
BROOKLYN, N. Y. 


(From the Division of Hematology of the Departments of Medicine and Laboratories 
of The Jewish Hospital of Brooklyn.) 


Ir has become manifest that the study of bone marrow may, in 
certain instances, be of material aid in the diagnosis of blood dys- 
crasias and other diseases, when these studies are correlated with 
the peripheral hemocytology. 

The interpretation of the bone-marrow findings may be studied 
in disorders of the following apparatus: 1, leukopoietic; 2, erythro- 
poietic; 3, thrombocytopoietic; 4, reticulo-endothelial. 

Sufficient information has been gathered in this review, based on 
275 bone-marrow studies, to form a basis for the concise evaluation 
of the bone-marrow fluid, obtained by sternal bone-marrow aspira- 
tion. 

Normal bone marrow was obtained from 28 individuals free of 
infection, hemorrhage, malignancy or other diseases, as ascertained 
by complete history, physical, laboratory and roentgenologic exam- 
inations. The study of the marrow consisted of a differential of the 
cellular elements, noting especially the hematologic criteria. 

Compared with other tables of normals, this study was in almost 
complete agreement with other authors.2° There is some difference 
in the enumeration of the staff forms. It appears that what were 
recorded as neutrophils in this study were regarded as staffs by 
others. Arinkin and others,?’ however, include both under polys, 
bringing their results in close agreement with our findings. There is a 
significant practical difference, inasmuch as, according to figures here 
presented, the left shift will be found less in this study as compared 
to those studies in which staff forms are given high normal values. 

It is fortunate that in this series, clinical investigations, which 
included infections, were in perfect consonance with our findings. 
One is therefore justified in accepting these results as practical for 
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the study of clinical material. There are no material differences 
noted as far as erythrocytes, lymphocytes, or plasma cells are 
concerned (Plate 1). 

Leukopoiesis, including left shift, could be ascertained by noting 
the relationship of the early white cells and the late white cells 
(neutrophils, eosinophils and basophils). In 100 cells (or multiples 
of 100 cells) thus counted, one found normally about 55 early cells 
and 45 late cells, 7. e., the non-segmented-segmented (N.S:S) ratio 
was 55:45. An increase of the early cells produced a left shift, an 
increase in the late cells a right shift. The former was encountered 
in hemorrhages, infections, myeloid leukemia, and so forth, the latter 
in Hodgkin’s disease, polycythemia vera, pernicious anemia and in 
normal cases. 

Eryruropoirsis. A. Erythrogenesis was evaluated by noting the 
relationship of the total white cell population of the bone marrow 
to its erythroblastic elements. Under normal conditions, if 100 cells 
(or multiples of 100 cells) were counted, the average obtained was 
85 of the white cell series to 15 of the erythroblastic series, 7. e., 
the granulocyte-erythroid (G:E) ratio was 85:15. An increase in 
the latter bespoke an increase in erythrogenesis. In some cases, 
particularly hemolytic icterus, pernicious anemia in relapse, Cooley’s 
anemia, sickle-cell anemia, and so forth, this ratio was reversed. 

B. Maturation of erythroblasts was determined by noting the rela- 
tionship between the number of early erythroblasts to the late 
erythroblasts (normoblasts) (Table 1). Normally this erythroblast- 


TABLE 1.—CLASSIFICATION OF THE ReEp BLoop CELLS. 


Cytoplasm. 


Hemoglobiniferous. 


Non-hemo- 
globiniferous. Poly- Eosino- 
Cell type. Nucleus. Basophilic. chromatic. philic. 
Erythroblast: 
Megaloblast . . Delicate network + 0 0 
with nucleolus 
Macro-normoblast A Delicate network 0 + 0 
Macro-normoblast B Coarse network 0 0 + 
Macro-normoblast C Cartwheel 0 0 +” 
Normoblast: 
Normoblast A . . Pyknosis 0 0 + 
Normoblast B . . Extrusion 0 0 + 


normoblast (E:N) ratio was 15:85. An increase of the former was 
evidence of a defect in maturation. This was seen in hemolytic 
icterus, pernicious anemia in relapse, Cooley’s anemia, sickle-cell 
anemia, cases of liver damage, intestinal obstruction, uremia, carci- 
noma of the stomach, and so on. 

Other bone-marrow constituents, not included in the differential, 
were lymphocytes, reticulum cells, plasma cells, megakaryocytes, 
malignant, Niemann-Pick and Gaucher cells. The lymphocytes 
numbered normally about 10 to every 100 white cell counts, 7. e., 
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the myeloid:lymphoid (My:Ly) ratio was 90:10. In lymphatic 
leukemia the My: Ly ratio was reversed, 7. e., 10:90. Occasionally, 
in infectious mononucleosis and agranulocytosis the number 
of lymphocytes was increased. Reticulum cells, noted occa- 
sionally in the smears, were particularly evident in Hodgkin's 
disease. Plasma cells were present usually about 2 or 3 per 100 
white blood cells. The latter were especially prominent in multiple 
myeloma and aplastic anemia (benzol poisoning). Other unusual 
cells seen in the bone marrow in certain cases were Niemann-Pick, 
Gaucher and malignant cells. Megakaryocytes were sparse in the 
bone marrow, usually 1 or 2 were found on a smear. A marked 
increase in number was found in thrombocytopenic purpura and 
Hodgkin’s disease. 

DISEASES OF THE LEUKOPOoIETIC MECHANISM. In disorders of 
the leukopoietic mechanism the N.S:S and the G:E ratios served 
as distinguishing landmarks; the former to determine the degree of 
left shift of the white cell series and the latter the extent or eryth- 
rogenesis. 

A. Leukemia, Myeloid. There was a greater left shift of the white 
blood cells in the acute than in the chronic cases. Erythrogenesis 
was depressed in the acute more than in the chronic cases. Since 
at times it was difficult to differentiate between a chronic myeloid 
leukemia and a leukemoid reaction secondary to hemorrhage, infec- 
tion or malignancy, the following two points were found of value. 
There was a selective left shift in the chronic myeloid leukemias, 
i. é., predominantly premyelocytic. Erythrogenesis was increased 
in leukemoid reactions but diminished in the leukemias. 

Agranulocytosis and infectious mononucleosis frequently required 
differentiation. In the former, myeloblasts, predominant in the 
bone marrow, did not appear in the peripheral smear. In other 
words, there was, in addition to a maturative arrest of leukogenesis, 
a definite arrest in delivery of the white blood cells. In infectious 
mononucleosis there was not as marked a left shift of the N.S:S 
ratio but occasionally the lymphocytes were increased in number. 
In addition, one noted the peculiar lymphocytes seen in glandular 
fever.” 

TaBLeE 2.—Bone Marrow Cyto.ocic ELEMENTS. 

1. Myeloblasts are large cells of the myeloid series with a finely reticulated 
nucleus containing nucleoli surrounded by a rim of deep blue homogeneous cyto- 
plasm but with no definite specific granulations. 

2. Myelocytes are cells of the myeloid series with beginning or definite specific 
granulations in the cytoplasm; nucleus is more homogeneous or clumpy. (Premyelo- 
cytes included.) 

3. Metamyelocytes are cells of the myeloid series with well-defined nuclear inden- 
tation without staff formation, but with definite immature specific granulations. 
ayaa cells are non-lobulated myelocytic elements with mature specific granu- 

5. Polys are segmented neutrophilic cells with mature specific granulations. 


6. Gaucher cells are large mononuclear cells, 10 to 15 times the size of a red blood 
cell (approximately 70 to 150 microns) with a nucleus which has dense or coarse 
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Piate 1.—Fig. 1, Acute myeloid leukemia. 
Fig. 2, Chronic myeloid leukemia. 
Fig. 3, Infectious mononucleosis. 
Fig. 4, Lymphatic leukemia. 
Fig. 5, Hodgkin's disease. 
Fig. 6, Agranulocytosis. 
In both plates the illustrations are photographs of water colors. 
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PLATE 2.— Fig. 1, Gaucher's disease. 


Fig. 2, Niemann-Pick’s disease. 
Fig. 3, Eosinophilia with megakaryocyte. 


2 
3 
Fig. 4, Purpura hemorrhagica with megakaryocyte. 
. 5, Plasma cell myeloma. 

Fig. 6, Spastic paraplegia (Ferrata cell) 
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chromatin giving it a lymphatic appearance. The nucleus is round, central or 
eccentric, has no perinuclear halo and is surrounded by cytoplasm filled with an 
abundant fibrillary meshwork which gives the appearance of lack of substance. At 
times one may see engulfed red or white cell elements demonstrating its phagocytic 
propensities. 

7. Niemann-Pick cells are slightly smaller than Gaucher cells. The nucleus resem- 
bles that of the Gaucher cell, may be central or eccentrically placed and is surrounded 
by abundant cytoplasm characterized by its foamy appearance. Phagocytosis of 
blood cells is sometimes demonstrable in the cytoplasm of the cells. 

8. Reticulum cells are large mononuclear cells, irregular in outline, about two- 
thirds the size of Gaucher cells, and possess an irregularly shaped nucleus but no 
nucleoli. The nuclear chromatin is coarse and dense, stains blue-red with Wright's 
stain and occupies the greater part of the cell. The cytoplasm is abundant, sometimes 
vacuolated, and possesses a faint sky-blue color. 

9. Ferrata cells are about the same size as reticulum cells. Both cell body and 
nucleus are irregular in outline. The latter has a fine meshwork and usually possesses 
nucleoli, resembling in this respect a myeloblastic nucleus. The cytoplasm is faintly 
sky-blue and has at times many azurophilic granulations. 

10. Carcinoma cells appear as large epithelial elements, usually mononuclear and 
sometimes as a double nucleus. The nuclei tend to be round with coarse chromatin 
resembling a lymphocyte, and usually have a central dark-staining area. The 
cytoplasm is very faint with a slight red to purple tint (Wright's stain). These 
cells are usually seen in clusters in a syncytium-like arrangement. 

11. Plasma cells are mononuclear cells varying in size from 7 to 20 microns with 
a deeply basophilic, eccentric nucleus which at times may have a cartwheel arrange- 
ment of the chromatin. There is ofttimes a perinuclear halo. The cytoplasm is 
deeply basophilic and appears smooth and glassy. Certain areas of the cytoplasm 
take the blue stain in great concentration and appear blotchy. The outline of the 
cell is irregular, pyriform or stellate; there are no granules in the cytoplasm. 

12. Infectious mononucleosis cells are lymphocytic cells, 2 to 3 times the size 
of red blood cells. The nucleus is round and is more or less indented. The cyto- 
plasm is relatively abundant, and is deeply basophilic. There may be azurophilia 
in the cytoplasm. Because of the shape of the nucleus and the relative abundance 
of the cytoplasm, the cell appears at times like a monocyte so that ‘“monocytoid- 
lymphocyte"’ adequately describes the cell. 


B. Leukemia, Lymphatic. The bone marrow in the acute and 
chronic types was identical. However, there was greater immatur- 
ity of the lymphocytes in the acute than in the chronic forms. No 
difficulty was encountered in distinguishing lymphatic leukemia 
from any other condition simulating it, 7. e., infectious mononucleo- 
sis, Hodgkin’s disease, agranulocytosis, and so on. In no other 
conditions was the myeloid-lymphoid (My: Ly) ratio so pronounced. 
Erythrogenesis was depressed also in lymphatic leukemia as shown 
by the granulocyte-erythroid (G:E) ratio. This finding is of impor- 
tance since erythrogenesis is increased in agranulocytosis, infectious 
mononucleosis and Hodgkin's disease. 

C. Leukemia, Neutrophilic. This patient, a 69-year-old married 
woman (seen at the Norwegian Hospital through the courtesy of 
Dr. Brancato), gave a history of hematuria of 7 days’ duration, 
pain in the right upper quadrant of the abdomen of 4 days’ duration 
and an indolent ulcer of the right leg of several weeks’ duration. 
On physical examination enlarged anterior and posterior cervical 
nodes were palpated; splenomegaly Grade 2 and hepatomegaly 
Grade 3 were found. Urinalysis showed albumin Grade 2 and, 
microscopically, many white blood cells. The report of the periph- 
eral blood was hemoglobin, 95%; red blood cells, 6.6 million; and 
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white blood cells, 61,000 per c.mm. In the differential were found 
87 polys, 8 staff forms, 1 myelocyte and 4 lymphocytes. At this 
time the clinical impression was pyonephrosis with impending uremia. 


TABLE 3.— DISTRIBUTION OF CASES. 


II. PATHOLOGICAL: 
A. Red cell disturbances: 
1. Hyperchromic anemia: 


(a) Pernicious anemia 20 
(b) Hemolytic icterus 6 
(c) Sickle-cell anemia 5 


2. Hypochromic anemia: 
(a) Aplastic anemia 3 
(b) Idiopathic achlorhydric anemia . 3 
(c) Familial telangiectasia : 2 
3. Polycythemia vera 4 
4. Albers-Schénberg disease | 
B. White cell disturbance: 
1. Leukemia, myelogenous: 


(a) Acute. w 14 

(b) Chronic. . . 
2. Leukemia, lymphatic: 

(a) Acute ... . 6 

(b) Chronic ye 11 
3. Leukemia, neutrophilic, leukopenic 1 
4. Infectious mononucleosis ‘ 
5 


. Agranulocytosis 
6. Hodgkin's disease 
C. Platelet disturbance: 
1. Purpura hemorrhagica, thrombocytopenic ; 12 
D. Metabolic lipoid disturbance: 


1. Gaucher's disease . 1 

2. Niemann-Pick’s disease . . . 2 

G. Multiplemyeloma . . . 1 
1 
I. Liver and gall-bladder diseases . . 16 


Study of the bone marrow and concomitant peripheral smear, 
1 week after admission, revealed 6 myelocytes, 4 metamyelocytes, 
13 staff forms, 75 polys and 2 eosinophils; only occasional normo- 
blasts were seen. The peripheral differential showed 4 myelocytes, 
4 metamyelocytes, 12 staff forms, and 80 polys. The platelets 
were increased and there was slight anisocytosis of the red blood cells. 
A diagnosis of leukemia could not be entertained at this time, but 
at autopsy, typical leukemic infiltrations of all the organs were 
found with the neutrophil as the predominant cell. (Several years 
ago another case with similar course and autopsy findings was 
seen.) 

D. Infectious Mononucleosis. The bone marrow showed a left 
shift of the white blood cell series with increased rate of red cell 
activity. The myeloid-lymphoid (My: Ly) ratio was shifted to the 
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right at times, but never in the proportions seen in lymphatic leu- 
kemia. ‘The erythroblast-normoblast (E:N) ratio revealed a defec- 
tive maturation in these cases. It is problematical at this time to 
say whether this can be ascribed to lack of anti-anemic principle or 
some disturbance in its utilization or absorption. 

I. Agranulocytosis. Here the myeloblasts were the predominant 
cells in the bone marrow but were not present in profusion. Plasma 
cells were seen in increased numbers in all the cases. The myeloid- 
lymphoid (My: Ly) ratio was slightly shifted to the right but never 
approached leukemic proportions. Erythrogenesis was normal, thus 
accounting for the lack of anemia. 

Il. Hodgkin's Disease. As far as the red cell mechanism was 
concerned, the findings were not remarkable since most cases showed 
only slightly increased activity. On the other hand, it was inter- 
esting to note an increase in reticulum cells, a moderate eosinophilia 
in the bone marrow or peripheral circulation or in both, an increase 
in megakaryocytes, a peripheral monocytosis, but no Dorothy 
Reed-Sternberg cells.7¢.% 

G. Lymphocytosis. The cases evaluated were confined to those 
in which there was a peripheral lymphocytosis of at ieast 40%. In 
none of these cases, including infectious mononucleosis, agranulo- 
cytosis, aplastic anemia, and so forth, did the myeloid-lymphoid 
(My :Ly) ratio approach that seen in lymphatic leukemia. It appears 
therefore, that the My:Ly ratio is a sine qua non in differentiating 
lymphatic leukemia from conditions which simulate it. 

DISEASES OF THE EryruroporeTic Mercuanism. <A. Defective 
“Ferrization.” Interference with the formation, maturation or 
destruction of the red blood cells will produce certain definite bone 
marrow pictures. The increase in the red cell elements observed in 
these conditions is a compensatory one. The formation of hemo- 
globin is intimately related with the ingestion, absorption and util- 
ization of iron. Any iron defect will be mirrored by the presence of 
iron-poor red cells. There is an attempt to make up in number what 
it fails to do in quality. Thus, in Witt’s hypochromic anemia, 
infections, malignancy, hemorrhage, and so forth, one sees in the 
bone marrow an increased erythropoiesis. 

In spite of the increased bone marrow erythrogenesis, there is a 
peripheral anemia. This can be accounted for on the basis of arrest 
in delivery, hemorrhage and destruction due to hemolysis, infection 
and poisons. 

B. Defective Maturation. The increase in bone marrow erythro- 
genesis alone is not to be compared with that seen when there is a 
concomitant maturative defect of the red cells. In the former the 
G:E ratio and the E:N ratio are about 70:30 and 15:85, respec- 
tively. In the latter the G:E and the E:N ratios would be 50:50 
and 70:30 respectively. In the former the color index, therefore, 
is low while in the latter it is high. The bone marrow picture 
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in the hyperchromic anemias is one of defective maturation with 
marked marrow erythrogenesis, whereas in the hypochromic anemias 
it is one of deficient “ferrization” with mild erythrogenesis. 

C. Defective Destruction. The cases of idiopathic polycythemia 
vera observed in this study did not display the extensive bone 
marrow erythrogenesis™ that one expected to find in these conditions. 

The erythrogenetic activity of the bone marrow did not appear 
to be increased. Such increases, in our experience, were only a com- 
pensatory mechanism in an attempt to overcome peripheral anemia. 
Since the latter was not encountered in polycythemia vera, increased 
bone marrow erythrogenesis was not necessary. 

It is questionable whether the production of polycythemia can be 
postulated on increased red cell production alone. ‘This certainly 
is not borne out by this study. On the other hand, it is possible that 
there is underdestruction of the red blood cells, associated with 
decreased hemolytic activity on the part of the spleen, ¢. e., hypo- 
splenism. 

D. Increased Production of the Red Blood Cells... On the other hand, 
symptomatic polyglobulia secondary to respiratory and cardiac 
changes associated with anoxic states is the fact a “true” poly- 
cythemia, in the sense that here one deals with an increased produc- 
tion because of cerebral stimulation. In these cases there is usually 
no splenomegaly. 

Hyprocuromic ANemias. Included in these cases were aplastic 
anemia of the idiopathic type; another due to benzol poisoning; 
cases of idiopathic hypochromic anemia and familial telangiectasia 
and a case of Albers-Schénberg’s disease. There was an increased 
bone marrow erythrogenesis in all these cases except in the first 
two where there was a definite paucity of the erythroblastic elements. 
In the first (Case 182), the interesting feature was the absence of 
changes in the leukogenetic and thrombocytic elements. The white 
blood cells numbered 8000, the platelets were normal, but the hemo- 
globin was less than 20% and the red blood cell count was 700,000. 
This was a true selective action upon the red blood cells. Brancato 
has called this condition “Anerythroplastic Anemia.’ This was 
a 7-year-old girl with pallor since birth. She had received many 
transfusions with no significant improvement. In the second case, 
the prominent findings were toxic degeneration of the granulocytic 
elements accompanied by a marked increase in plasma cells. Multiple 
myeloma was difficult to exclude in this case. The erythrocytic and 
thrombocytic elements were markedly diminished. This was a 
true panmyelophthisis, due to benzol poisoning. 

Hypercuromic ANEMIAS. In this category were cases of perni- 
cious anemia, treated and untreated, and other hyperchromias which 
did not fit either clinically or hematologically into the definite perni- 
cious anemia group. Such cases were seen in pregnancy, infection, 
hyperthyroidism, achlorhydric anemia, and so forth. Then there 
were the hyperchromias revealed in hemolytic anemias, sickle cell 
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anemia, Cooley’s anemia, erythroblastic fetalis, and so forth. In 
all these cases there was a common denominator, 7. ¢., defective 
maturation of the red blood cells. Megaloblasts differentiated into 
the normoblasts but poorly and eventually into the normocyte. 
There was an arrest predominantly at the macrocytic phase. In 
the bone marrow this was easily observed in the preponderance of 
the early erythroid elements that accounted for an increased E:N 
ratio with a consequent hyperchromia or high color index. 

‘It may not be amiss to review briefly the modus operandi of defec- 
tive erythrocytic maturation, in relation to liver and gastric dys- 
function and other conditions. In the first place, structural disease 
or dysfunction in the liver may disturb ‘‘the anti-anemic factor”’ 
(Whipple*). A corollary to this is the possible interference with 
the “intrinsic factor’ (Castle*®*) in pathologic conditions of the 
stomach. By the same token, interference with absorption of the 
anti-anemic substance in the intestines so that it does not reach the 
liver may influence changes in the E:N ratio. 

Thus it may be seen how gastrict or hepatic disturbances!®*4 
may approximate a set of conditions seen in pernicious anemia and 
other hyperchromias.**!’ Gastric anacidity especially has been 
associated with a similar maturative defect.4"” Gastric motility also 
plays a rather significant part in the function and efficiency of the 
bone marrow (Barron'? ‘It suggests,” corroborating Doan’s” 
statement, ‘‘a motor factor in addition to the secretory deficiencies 
as part of the mechanism which may condition this phenomenon of 
blood cell maturation.” 

In brief, the lack of anti-anemic substance may be evident in 
other conditions, where interference with its ingestion, absorption, 
storage or utilization is marked. ‘Thus cirrhosis (storage), gastric 
malignancy (storage or formation of anti-anemic substance) are all 
capable of producing changes in the E:N ratio with resulting perni- 
cious anemia-like pictures. 

In the bone marrow, all hyperchromias are essentially alike 
except for certain peculiarities. In pernicious anemia aside from 
the change in the E:N ratio there is marked macrocytosis, “ripe” 
polys, presence of occasional megaloblasts, and in the untreated 
cases, at times, a shift to the right of the white blood cells. In the 
treated cases, there is a shift of the E:N ratio to the right and the 
N.S:S ratio to the left, producing eventually a low or normal color 
index with a slight leukocytosis. In hemolytic icterus the picture 
is identical to that seen in pernicious anemia except for the presence 
of “microcytosis,” and the macronormoblastic erythrogenesis.” 
There is a greater left leukogenesis in these cases than those seen 
in true pernicious anemia, thus accounting for the leukemoid reac- 
tion sometimes observed in these cases. A remarkable reversal of 
the E:N ratio was accomplished by splenectomy in 2 cases. In 
Cooley’s anemia, sickle cell anemia and erythroblastosis fetalis, the 
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bone marrow findings are identical. The diagnosis must rely on the 
clinical features, 7. ¢., in Cooley’s anemia, the mongoloid facies and 
peculiar roentgenographic findings in the skull and other bones; 
in sickle cell anemia sicklemia is found in the bone marrow and 
peripheral stream. 

DisORDERS OF THE PLATELET MECHANISM. Observations on this 
mechanism are based on 12 cases of purpura hemorrhagica. The 
outstanding finding in all these cases was the presence of an increase 
in the megakaryocytes in the bone marrow. The thrombocytopenia 
in these cases is probably due to thrombocytolysis on the part of 
the spleen. Support of this hypothesis in the study comes from the 
fact that after splenectomy the megakaryocytes are markedly 
reduced in the bone marrow. In addition, at the same time there 
occurs a peripheral thrombocytosis. 

Aside from the above findings, one was impressed by the increased 
bone marrow erythrogenesis. This was probably a compensatory 
mechanism consequent to bleeding. Another interesting feature was 
the presence of a definite defect of the red cell maturation. This may 
be due to interference with storage of anti-anemic substance. This 
also may be due to gastric, liver, intestinal or renal lesions probably 
as a result of frequent hemorrhages. Eosinophilia was also prom- 
inent in most of the cases. The latter was probably due to absorp- 
tion of blood on the basis of foreign protein sensitization. This con- 
clusion is strengthened by the fact that in 3 cases of uncomplicated 
hemorrhage eosinophilia was a prominent factor. Thrombocyto- 
penia due to causes other than idiopathic purpura were not associated 
with a bone marrow megakaryocytosis. This was especially true 
in acute leukemia and aplastic anemia. The bone marrow megakar- 
yocytosis is in all probability a compensatory mechanism predicated 
on a hypersplenism for thrombocytes. The bone marrow in this 
case tries to overcome the deficiency with an overproduction. Nor- 
mally there are very few megakaryocytes to be seen in the bone 
marrow. The peripheral thrombocytopenia is produced by defective 
delivery or destruction of the parent megakaryocytes. The megakar- 
yocytes in idiopathic purpura apparently were no different from the 
megakaryocytes normally encountered in the bone marrow. 

Hodgkin's disease and some malignancies produced comparable 
increases in megakaryocytosis. 

Diseases OF Lipom Metapouism. Here were included 2 cases 
of Niemann-Pick’s disease and a case of Gaucher’s disease (more 
than 10 Gaucher cells per 100 white blood cells).22 There were no 
remarkable changes in the bone marrow in these cases. Erythro- 
genesis was slightly increased in these cases in both conditions, but 
the accompanying anemia was in all probability due to the com- 
pression of the erythroblastic elements by the invading histiocytic 
elements. A description of these cells has already been given. Leuko- 
genesis was slightly increased in Niemann-Pick’s disease and dimin- 
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ished in Gaucher’s disease. This may explain the leukocytosis in 
the former and the leukopenia in the latter. 

Inrections. In the majority of the cases there was a significant 
acceleration of leukogenesis. In over half of the cases the meta- 
myelocytes showed definite increases, in addition to the larger num- 
ber of staff forms. An important differential point from chronic 
myeloid leukemia from the leukemoid reaction of infection was the 
presence of increased erythrogenesis in the latter, while this was 
diminished in the former. In infections there was also a defective 
maturation of the red blood cells. 

Another important aid in distinguishing infections or other leuke- 
moid reactions from chronic leukemic myelosis was the prominence 
of azurophilia in the myelocytic elements of the latter. This was 
due to the increase of premyelocytes. It was an easy matter to dis- 
tinguish acute infections from acute leukemias, on the basis of the 
distinctive myeloblastosis of the bone marrow and the peripheral 
stream in the latter condition. This was further aided by the dimi- 
nution of the megakaryocytes in the acute leukemias. The defective 
maturation of the red cells in both conditions may be postulated on 
interference with storage, absorption or utilization of anti-anemic 
substance. In infections this was based on inflammatory lesions, 
in the latter on infiltrative lesions. 

MaigNnancy. Here the changes were identical with those seen 
in infections. This was an important factor in the diagnosis of 
malignancy. In other words, if the bone marrow shows evidence of 
a leukemoid reaction, malignancy may be suspected if infection, 
hemorrhage or toxemia can be ruled out on clinical grounds. An 
infection to give rise to a leukemoid picture of the degree observed 
in cases of malignancy usually is associated with a moderate rise in 
temperature (102° to 103°)." 

LIVER AND GALL-BLADDER Diseases. The changes in the white 
and red cell elements of the bone marrow were similar to those seen 
in any leukemoid reaction, viz., infection, malignancy and hemor- 
rhage. The erythroid maturative defect in these cases may be 
due to the compromising of liver structure, thus interfering with 
storage and utilization of anti-anemic substance. In turn, this yields 
an increased E:N ratio and a resulting high color index. Interesting 
is the finding of eosinophilia in 6 cases. This may be due to the 
destruction of liver parenchyma with consequent reabsorption of 
non-specific protein. 

Bone marrow study becomes a possible means of aiding in the 
diagnosis of disturbed liver function, produced by such conditions 

as inflammation, toxemia, hemorrhages, cysts, angiomata or infil- 
trative lesions due to leukemia, Hodgkin’s disease or malignancy. 

In fact, the E:N ratio or high color index may serve as a veritable 
liver function test in a motley group of conditions. This may yield 
information even before clinical manifestations such as enlarged 


POTETIC CETITS IN THE BONE Afann 


| 


| £0 1 
6°98 | ous | 0°88 8 of | get of 8¢ t 
(€E-8°S1) > 9 (Z2-L1) ¢ | or | (I-0) (OF-Z1) 08 It * SULIOS 
(8'6-8'°1) (¢’9I-€' FI) FST (22-1) OFT (9¢-#8) cr 8 80} 
91 | 0°91 tt | 6° 9° OF 
t's 
2 | 
> 2°9 9L°9 | | 
(s'€-0) ¢ o¢ €°¢ (8-1) | | | ¢6 * so} 
0-9 Lor | | oT 
Z pus Juno pues ‘unBig pus pus uasoy 
O's 
FT) | (2-1) | (OI-8) 6 Sb | (0S-0F) 9F | 
< ZI) Lz 9 FI 29 | | OZO1) O'ST| (22-02) 12 | 8 8a} 
og! | ove 0°0¢ 0° 8t ¢'8 
ZIT | 9 ¢0Z | (SZ-S1) 0°02 | (ZE-0F) IF | (GE-0z) 
F | 9L°S | rs | 
= 8'F | rs | st (2-@) 2 6°T so} 
= | sf rs | | 
6% | 90 | | ge | (€-2) (0) & 


| 
ine 
33 
> 
2 
g 


770 MORRISON, SAMWICK: EVALUATION OF BONE MARROW 


liver, jaundice, pruritus have made their appearance and icterus 
index, Van den Bergh test, and examinations for bile in urine and 
stools have been done. Cases of cholecystitis, a case of hypertrophic 
biliary cirrhosis (Case 45), a case of liver abscess (Case 246), and a 
case of hepato-splenomegaly of undetermined origin (Case 168), did 
not show an increased E:N ratio or high color index and therefore 
liver damage could not be postulated. 

MIscELLANEOUS Convitions. Multiple Myeloma (1 case). Leu- 
kogenesis was normal, erythrogenesis was moderately increased with 
a moderate defect in maturation of the red blood cells. The out- 
standing feature was an increase in plasma cells. Bence-Jones pro- 
tein was present in the urine. The patient was a 40-year-old woman 
who complained of weakness and pain in the legs and back for 6 
weeks. When first seen her hemoglobin was 35%, the red blood cells 
were 2,000,000, the white blood cells 30,000 and the platelets 
70,000. In the peripheral smear 10% plasma cells were counted. 

Arthritis. There were no significant findings except for some 
increase in leukogenesis with slight erythrogenesis associated with 
a defect in the maturation of the red blood cells. 

Malaria. Plasmodia were seen both in the bone marrow and the 
peripheral red blood cells but were definitely more numerous in the 
red blood cells of the bone marrow.*:?'6 !8 

There was a group from which no significant conclusions could 
be drawn. These were cases of: tuberculosis of the lung with spinal 
metastases, intestinal parasites, gold poisoning, diabetes with coro- 
nary occlusion, scleroderma associated with Raynaud's disease, 
Kaposi sarcoma, calcinosis universalis, neuroderma, eczema, bron- 
chial asthma with hyperthyroidism, erythema nodosum, pemphigus, 
multiple melanoma, Winckel’s disease and rheumatic heart disease. 

Comment. Of 275 cases studied, bone marrow aspirations were of 
great diagnostic aid in 47 cases in which clinical signs and symptoms 
and routine blood examinations failed to be of assistance. These 
cases were Hodgkin’s disease (8), carcinoma (15), infections (3), 
anemia of pregnancy (1), pernicious anemia (8), anerythroplastic 
anemia (1), infectious mononucleosis (1), Gaucher’s disease (1), 
aplastic anemia (1), both varieties of leukemia (7), and atrophic 
cirrhosis of liver (1). 

However, diagnosis was not the only purpose for which the study 
of the bone marrow was utilized. There were definite observations 
made of various mechanisms that concerned the blood dyscrasias 
and other conditions such as malignancies, infections and infiltra- 
tion of the bone marrow. 

In discussing these conditions seriatim, leukogenesis is first 
considered. Observations of leukogenesis in this series confirmed the 
“shift to the left” theory of Arneth and Schilling as far as the bone 
marrow was concerned. The most marked left shifts were in the 
acute myeloid leukemias, then in the chronic myeloid leukemias, in 
agranulocytosis, in infections and in malignancies. Slighter degrees 
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of left shift were found in treated pernicious anemia, in a case of 
Niemann-Pick’s disease, Cooley’s anemia, liver and gall-bladder dis- 
eases and infectious mononucleosis. Diseases in which left shift was 
negligible or shifted to the right were cases of polycythemia vera, pur- 
pura hemorrhagic a, untreated cases of pernicious anemia, pernicious- 
like anemias, and certain cases of arthritis and Hodgkin’s disease. 

It is instructive to compare the almost identical bone marrow 
pictures that obtain in acute myeloses and agranulocytosis. In this 
study it was evident that there was a more increased tempo of 
delivery in the leukemias as compared to agranulocytosis. It 
appeared, therefore, that the pathogenesis in agranulocytosis was 
an arrest in delivery in addition to a marked left shift, whereas in 
acute myelosis the granulocytic delivery was not impeded. A point 
of marked value in the differential of these two conditions is the 
unimpaired erythroid activity in agranulocytosis while in acute 
myelosis it is definite ly depressed. 

The outstanding differential factor in separating chronic myeloid 
leukemias from the leukemoid reactions caused by infections, hemor- 
rhages or malignancy and toxemias is the N:E and G:N ratios. The 
former is markedly depressed in chronic myeloid leukemias and the 
latter not as marked as that occasioned by the leukemoid reactions. 

The most characteristic pathognomonic finding in this study was 
the unequivocal lymphatic infiltration of the bone marrow seen in 
lymphatic leukemia. This was made quite prominent by using the 
myeloid-lymphoid (My:Ly) ratio. Lymphocytoses of high degree 
and infectious mononucleosis could be differentiated very easily by 
means of this ratio. The latter conditions never gave rise to marked 
infiltration of the bone marrow with lymphocytes. 

As for erythrogenesis, one was able to determine the state of 
erythrogenetic activity by the granulocyte-erythroid (:E) ratio. 
We found this increased in many of our cases. It is necessary to 
point out that in 85 cases where there was moderate erythrogenesis 
in the bone marrow, there was no evidence in the periphery of such 
activity in 36 cases. This would lead one to believe that the bone 
marrow serves to acquaint us with conditions concerning erythro- 
genetic activity which cannot otherwise be determined in routine 
peripheral blood examination. 

Erythrogenesis was most marked in the hemolytic anemias, 
hemolytic icterus, sickle-cell anemia, Cooley’s anemia, Niemann- 
Pick’s disease, occasional treated and untreated cases of pernicious 
anemia, a few cases of Hodgkin's disease; it was slightly increased 
in malignancies and showed a similar picture in infections. Increased 
erythrogenetic activity was conspicuous by its absence in leukemias. 
It is interesting to again refer to the meager increase in erythrogenesis 
in polycythemia vera. One may see, therefore, the bone marrow is 
not alone responsible for the peripheral polycythemia. It is neces- 
sary to postulate a longer life of the red blood cells most of which are 
sequestered in the spleen and in other reservoirs. 
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If it is true that the lesions of polycythemia vera are not pri- 
marily confined to the bone marrow, then it would seem that treat- 
ment directed against bone marrow erythropoiesis is futile. Thus 
Roentgen ray becomes of questionable value when used in this way. 

A valuable diagnostic differential finding is that erythrogenesis 
is diminished or absent in leukemias and is unimpaired both in 
agranulocytosis and infectious mononucleosis. 

We found a certain parallelism between erythrogenesis and eryth- 
rogenetic maturative defect in the bone marrow. This was exceed- 
ingly striking in sickle-cell anemia, in hemolytic icterus and to a lesser 
extent in untreated cases of pernicious anemia, and to a still lesser 
degree in infections and malignancies. The most marked and con- 
stant defects in maturation were found in pernicious anemia. This 
was not true of pernicious-like anemias. Here the defects were of 
lesser moment. Hemolytic icterus, Cooley’s anemia and sickle-cell 
anemia were slightly less prominent in their maturative defect. 
There were slighter degrees of defect in purpura hemorrhagica, 
infections and malignancies. In chronic myelogenous leukemia the 
maturative defect was not constant. j 

As was pointed out previously, the color index as obtained by i 
peripheral study has the same significance as the erythroblastic . 
maturative defect and may therefore be used in the same way. Here 
one finds an instance where a study of the bone marrow has brought 
significance to a routine procedure. One may state that a high color 
index is of great diagnostic importance in postulating liver damage, 
gastric defect, carcinoma of the stomach, malignancy, and infec- 
tion in selected cases. 

One of the surprising findings, almost similar to that experienced in 
polycythemia vera was the presence of an increased number of mega- 
karyocytes in the cases of purpura hemorrhagica, even exceeding in 
number those found in Hodgkin’s disease. This would rather mili- 
tate against the hypothesis of Frank* who postulated that “‘an essen- 
tial thrombocytopenia is secondary to an inhibitory action of the 
spleen on the bone marrow.” Our evidence favors the conception 
of Kaznelson" who performed the first splenectomy for thrombo- 
cytopenic purpura, basing his theory on the hypothesis of the destruc- 
tive activity of this organ for platelets. i 

From a study of this material we uncovered certain criteria that 
proved to be of great diagnostic aid in the study of various conditions. 
In carcinoma of the stomach, for instance, there was always a q 
maturative defect of the red blood cells. In other malignancies 
the N.S:S and G:E ratios were frequently increased. In infec- 
tions there was a constant increase in left shift involving the meta- 
myelocytes and the staff forms. The N.S:S and G:N ratios were 
also shifted to the left. Since the same is true of malignancies, the 
absence of fever associated with the blood picture would favor 
malignancy and rule out infection. 
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Certain other diagnoses, one felt, could not accurately be made 
except by means of the bone marrow. We refer to the finding of 
Gaucher cells, Niemann-Pick cells and plasma cells. The presence 
of an increase in plasma cells would speak for a multiple myeloma 
if corroborative clinical evidence is available, since the latter may 
be present in certain aplastic or myelophthisic anemias. 

In Hodgkin’s disease there was a poor left shift or a shift to the 
right of the white blood cells associated with an increase in the eosin- 
ophilic elements in the bone marrow accompanied by an increase of 
the reticulum cells. The megakaryocytes were always increased. 
Erythrogenesis was always active. The E:N ratio was normal or 
slightly shifted to the left. Eosinophilia and monocytosis in the 
peripheral circulation was valuable, but when absent did not rule 
out Hodgkin’s disease. 

Conclusions. 1. A study was made of 275 cases with sternal bone 
marrow aspiration. 

2. Bone marrow ratios were utilized in evaluating: a, Leuko- 
genesis; b, erythrogenesis; c, erythrogenic maturative defect; d, infil- 
tration of bone marrow by lymphocytic, plasma, reticulum and 
malignant cells. 

3. Bone marrow aspirations proved valuable in the diagnosis 
of gastric dysfunction and gastro-intestinal, liver, and renal disease. 

4. This study revealed a close relationship between the erythro- 
cytic maturative defect and color index. 

5. Criteria for the diagnosis of blood dyscrasias including per- 
nicious anemia, Hodgkin’s disease, leukemia, agranulocytosis, 
infectious mononucleosis, polycythemia vera, infections and malig- 
nancies are suggested. 
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AURICULAR STANDSTILL. 
ITS OCCURRENCE AND SIGNIFICANCE. 


By Francis F. Rosenspaum, M.D., 
ASSISTANT RESIDENT PHYSICIAN, 
AND 
SaMvuEL A. Levine, M.D., 
SENIOR ASSOCIATE IN MEDICINE, PETER BENT BRIGHAM HOSPITAL; ASSISTANT PROFESSOR 


OF MEDICINE, HARVARD MEDICAL SCHOOL, 
BOSTON, MASS. 


(From the Medical Clinic of the Peter Bent Brigham Hospital.) 


AURICULAR standstill is a disturbance of cardiac rhythm which has 
long been recognized in experimental animals but which has been 
reported only rarely in clinical cases. In this disorder, the auricles 
cease to beat, the electrocardiogram showing no evidence of auricu- 
lar activity in any of the standard leads. The ventricles continue to 
beat with an independent, regular rhythm, the ventricular complexes 
in the electrocardiogram having the conformation of beats of supra- 
ventricular origin. Furthermore, there is no evidence that the 
auriculo-ventricular node is inducing auricular activity. 

As long ago as 187, Cushny* produced this condition in dogs 
with toxic doses of digitalis. Later, Lewis and his co-workers? 
observed it in dogs given large doses of strophanthin. Auricular 
standstill has been induced in dogs with quinidine by Haskell,‘ 
Korns’ and Lewis, et al.) Employing both isolated rabbits’ hearts 
and fetal hearts, Boden and Neukirch' demonstrated auricular stand- 
still by the progressively increasing action of quinidine, restoring 
the normal rhythm by subsequent perfusion with Tyrode’s solution. 
Lewis, White and Meakins® described auricular standstill in cats 
in the late stages of simple asphyxia and also, when, during the early 
stages of asphyxia, cold was applied to the sino-auricular node. 
More recently, Borman and McMillan? have repeated this effect 
in a dog by cooling the sino-auricular node area after radon had been 
implanted in that same region some time previously. 

A review of the literature®!°*’'- has revealed 8 clinical cases in 
which the evidence for auricular standstill is definite and 4 in which 
it must be considered a questionable diagnosis because of inadequate 
information supplied. Of this number, 4 had received digitalis and 
in 5 of them quinidine had been administered. One had subacute 
bacterial endocarditis with many small areas of necrosis in His’ 
bundle;!” another had rheumatic pancarditis.'” In these latter two 
instances and a third described by Lewis,* no mention of drug therapy 
is made. Polygraphic tracings reproduced in the publications of 
Lewis‘ and White” prove that in auricular standstill there is complete 
mechanical as well as electrical inactivity. In 1929, in their discussion 
of 2 cases appearing with quinidine, Wolff and White” pointed out 
the possibility of standstill of the whole heart due to depression of 


i 
a 
| | 
| 4 
4 
| 
3 


j 
4 
4 
4 


ROSENBAUM, LEVINE: AURICULAR STANDSTILL 7795 


the ventricular as well as the auricular pacemaker, as the cause 
of sudden death during the use of that drug. 

Clinical Material and Findings. A review of the case records and 
electrocardiograms at this hospital in the period from May 1929, 
to January, 1939, has yielded 8 cases in which we believe a defi- 
nite diagnosis of auricular standstill can be made. In addition, there 
are 4 cases in which it is a probable diagnosis, though lack of control 
electrocardiograms before or after the period of standstill make a 
certain diagnosis impossible. In our experience the differentiation 
of auricular standstill and nodal rhythm is often difficult. We have 
excluded all such doubtful instances of this disorder. Essential 
details are summarized in Table 1. 


Tasie 1.—Cases OF AURICULAR STANDSTILL From May, 1929, To JANUARY, 1939. 


Definite Probable 
diagnosis. diagnosis. 

Number of cases 4 
Age: 

Range... . 46-79 16-52 

Average . 67 42 
Sex: 

Males ... 4 

Previous rheumatic fever 0 0 
Positive Wassermann 1 3 
Hypertension 5 1 
Type of heart disease: 

Valvular: 

Syphilitie . . 3 
Rheumatic . . . 0 

Coronary arteriosclerosis 0 

Cardiac enlargement: 

None 0 1 

Moderate 3 0 

Marked 3 3 

Very marked 2 0 
Congestive failure Ss 3 
Outcome: 

Death in hospital. 2 3 

Death at home in short time 2 0 

Known living . 2 1 

Lost { 0 
Digitalis: 

Small or usual doses 1 1 

Evidences of toxicity 3 
Quinidine 2 0 
Return of auricular activity 5 1 


Other evidences of defective conduction mechanism or site 


The analysis of these cases reveals several interesting points. 
Most of them were in the fifth, sixth and seventh decades of life. 
All but one had serious heart disease and evidence of moderate to 
severe congestive heart failure. The single exception was a 16-year- 
old boy who had diabetes mellitus and appendicitis, the electro- 
cardiogram being taken because of an irregular cardiac rhythm 
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noted on physical examination. A repeat study on a subsequent 
admission 20 months later showed a normal sinus rhythm. From 
the point of view of etiology, coronary artery sclerosis and luetic 
aortitis are seen to predominate. Eight had evidence of marked 
cardiac enlargement and in the 5 cases coming to autopsy the heart 
weights ranged from 600 to 740 gm. 

The belief that these individuals were seriously ill is confirmed by 
the fact that 5 died in the hospital and 2 at home soon after dis- 
charge, 1 in 1 month and the other in 9 months. Of the remaining 
5, 2 cannot be traced, | has lived 1 year with continued evidence of 
moderate congestive failure, and the other 2 have been carrying on 
without difficulty, 1 for 6 years and the other for 3 months. Of 
those dying in the hospital, 1 died quite suddenly and the electro- 
cardiogram taken | hour before death showed auricular standstill. 
Ten patients had been receiving digitalis, although in 1 of them, 
the standstill did not occur until after quinidine had been given. 
The doses of digitalis given were what are usually considered large 


in 8 of the cases and in the same number there was evidence of toxi- . 


city as indicated by the occurrence of anorexia, nausea and vomiting, 
frequent extrasystoles, or yellow vision. Six showed evidence of 
return of auricular activity in the electrocardiogram, while in the 
remaining 6, death supervened before the P-waves reappeared or 
before follow-up studies could be made. Finally, 9 cases showed 
other electrocardiographic evidence of a defective conduction mech- 
anism or site of impulse formation; these included bundle branch 
block, delayed auriculo-ventricular conduction, auricular and ventric- 
ular extra systoles, and nodal rhythm. It is pertinent to record the 
details concerning 2 of the cases studied. 

Case Reports. Case 1.—J. J. Mcl., diagnoses: coronary artery sclero- 
sis, generalized arteriosclerosis, digitalis intoxication, auricular standstill. 
A male, aged 70, entered the hospital Noy. 14, 1938, complaining of short- 
ness of breath. 

Present Illness. For 1 year he had had increasing dyspnea on exertion and 
ankle edema. He had been taking 0.1 G. of digitalis daily. Although he 
improved somewhat, in August, 1938, he grew worse, suffered from orthop- 
nea, cough and weakness. His physician increased the digitalis to 0.2 G. 
daily, the dose which had been continued up to the time of admission to the 
hospital. He also received frequent intravenous mercurial diuretics and on 
one occasion fluid was removed from the right chest. Ten days ago he had 


nausea, vomiting, attacks of hot flushing of face and hands, weakness and . 


vertigo, but no loss of consciousness. These attacks would last about 5 
minutes, occur several times an hour, and even prevent him from sleeping. 

Physical Examination. The patient could lie comfortably on two 
pillows but was slightly confused. T-97°, P-40, R-20. Heart slow, regular 
and showed a slight basal systolic murmur. Cervical veins somewhat dis- 
tended. B. P., 145/55. Lungs, emphysematous; there were a few basilar 
rales and a slight right hydrothorax. Liver was moderately enlarged and 
there was some pitting edema of the ankles. 

Laboratory Examinations. Routine studies not significant. Roentgen- 
ray showed slight cardiac enlargement and an inactive duodenal ulcer. 

Clinical Course. The admission electrocardiogram (Fig. 1) revealed 
auricular standstill and accordingly no digitalis was given. On the second 


J.J. Mcl., No. 53,908. 
Fic. 1.—Case 1, Nov. 14, 1938. Complete standstill of auricles. Ventricular rate 
33.3 per min. Patient had had excessive digitalis. 


J.J. MelI., No. 53,908. 
Fic. 2.—Case 1. Return of auricular activity on Noy. 25, 1938. P-R interval 
on Novy. 25, 1938, 0.28 sec. P-R interval on Feb. 7, 1939, 0.16 sec. 


Note gradual 
return of normal mechanism after omitting digitalis. 
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hospital day, after having been quite comfortable since admission, the 
patient’s respirations suddenly ceased, he became extremely cyanotic and his 
radial pulse could not be felt. With artificial resuscitation, adrenalin hydro- 
chloride 1.0 ce. 1 : 1000 solution subcutaneously, and coramine (Ciba) 1.5 ce. 
intramuscularly, his respirations and heart beat reappeared within a few 
minutes, the cardiac rhythm being the same as on admission. An electro- 
cardiogram taken 4 hour after this episode was essentially as on admission. 
Ephedrine sulphate 0.025 G. every 4 hours for 2 days and 3 times daily 
thereafter for 6 days together with occasional doses of adrenalin subeutane- 
ously had no demonstrable effect on the cardiac rhythm or the electro- 
cardiogram. Repeated doses of atropine sulphate 0.0005 G. hypodermically 
were also without effect. As the digitalis was eliminated from the body the 
cardiac rate became progressively more rapid and the auricular waves 
returned in the electrocardiograms together with a progressively decreasing 
P-R interval (Fig. 2). His subsequent course was characterized by gradual 
improvement and was uneventful except for a transient period of visual 
and auditory hallucinations. At the time of his discharge on his 24th hospital 
day he was ambulatory without evidence of congestive failure. When seen 
subsequently on Feb. 7, 1939, he had continued well without medication of 
any kind and was up and about freely. Physical examination showed no 
evidence of congestive failure. 

Case 2.—R. W., diagnoses: Coronary artery sclerosis, coronary throm- 
bosis (old), paroxysmal ventricular tachycardia, left bundle branch block, 
auricular standstill appearing with quinidine. A male, aged 68, entered the 
hospital May 23, 1929, complaining of weakness and dyspnea. Present 
Illness: The patient had been well until April, 1927, when he suffered an 
attack of acute coronary thrombosis with satisfactory clinical recovery, 
being able to return to work after 3 months. In January, 1929, he had an 
attack of paroxysmal ventricular tachycardia from which he recovered spon- 
taneously after 24 hours. On May 21, 1929, he suddenly became moment- 
arily unconscious and subsequently was found to have a rapid, regular heart 
action with a rate of 190. Vagal stimulation induced no change in the heart 
rate. He grew progressively more weak and dyspneic, developed Cheyne- 
Stokes respirations and shortly before admission appeared to be in shock. 

Physical Examination. On admission, the patient was found to be a 
fairly well developed, aged male, in desperate condition, coughing with occa- 
sional production of blood-tinged sputum. T-99.5°, P-190, R-24. Heart- 
apex impulse diffuse. Evidence of moderate enlargement to percussion. 
Rate extremely rapid, rhythm regular with accentuation of every seventh 
or eighth beat. No murmurs heard. B.P., 110/70. Lung fields showed rales 
at both bases posteriorly. Liver moderately enlarged. Both legs revealed 
many varicose veins. 

Laboratory Examinations. Leukocytosis of 25,900 on admission with 
progressive fall to normal during his hospital course. Sputum revealed 
Type IV pneumococci. Remainder of studies not significant. Roentgen- 
ray of the chest revealed findings consistent with an extensive broncho- 
pheumonic process. 

Clinical Course. The electrocardiogram on admission (Fig. 3a) confirmed 
the clinical impression of paroxysmal ventricular tachycardia. Prior to 
admission he had received a total of 1.8 G. of quinidine sulphate in 4 divided 
doses without effect. He was given 0.8 G. of quinidine shortly after his 
entrance and the heart rate slowed to 164. On the second hospital day 
he received a single dose of 1.0 G. of quinidine and 3} hours later the rate 
was 80. An electrocardiogram (Fig. 3b) showed auricular standstill. This 
was transient inasmuch as the P-waves reappeared in Lead I after they had 
been absent in a portion of the curve not available for reproduction here. 
Quinidine was continued in doses of 0.3 G. 3 times daily for 2 days and on this 
régime the auricular activity returned (Fig. 3c). The patient continued 
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to be febrile, somewhat irrational and severely ill for 7 days after which time 
there was progressive rapid improvement. He was discharged on the 19th 
hospital day with advice to spend another month in bed. At the time of 
discharge the heart rate was 85 and the rhythm normal. 


Conclusions. ‘This series of 8 cases of auricular standstill (with 
4 other probable cases) confirms the belief that digitalis or quinidine 
intoxication are the most common causes of auricular standstill. 
When there is electrocardiographic evidence of its presence, the 
nature and dosages of the drugs being given the patient should be 
investigated and adjusted. This group of cases further indicates 
that the disorder tends to occur more commonly in older patients 
who are in congestive failure from serious heart disease. Particularly 
in view of Case 1, whose pulse and respirations were seen to cease 
for a short time and in whom auricular standstill was known to 
exist both before and immediately after this event, we believe it is 
well to reémphasize the fact, pointed out by Wolff and White," 
that the mechanism responsible for this cardiac disorder may be 
closely related to some instances of sudden death during digitalis 
or quinidine therapy. Finally, it would appear from these cases 
that auricular standstill resulting from quinidine tends to be far 
more transient than that due to digitalis. 
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STUDIES ON IONTOPHORESIS. 


I. EXPERIMENTAL STUDIES ON THE CAUSES AND PREVENTION OF 
IONTOPHORETIC BURNS. 
By H. Mourror, M:D., 
DIRECTOR, MERCK INSTITUTE OF THERAPEUTIC RESEARCH, 
AND 
L. FERNANDEZ, 
RAHWAY, N. J. 


(From the Merck Institute of Therapeutic Research.) 


THE nature and causes of burns occasionally following an ionto- 
phoretic application are not well understood. These burns, which 
tend to heal slowly (Cumberbatch,* Kovacs"), may occur without 
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the patient’s awareness and constitute one of the principal objec- 
tions against general application of this method of drug administra- 
tion, although its advantages in certain conditions are so pronounced 
that its use has been steadily increasing (Abel,! Bredall,? Cohn and 
Benson,‘ Coulter,> Doane and Scheinberg,’ Duryee and Wright,* 
Jacoby,” Loman et al.,"° Murphy,’ Saylor et al.*). A study of 
the causes of iontophoretic burns and means for their prevention 
therefore seemed timely. 

With a galvanic current of sufficient intensity, iontophoretic burns 
can regularly be produced in animals. Fifteen milliamperes, flowing 
through an electrode area of 10 sq. em., produces burns in a rabbit 
in about 30 minutes. In other animals the time and intensity of 
current is different, but within the same species the individual sen- 
sitivity varies only slightly. If the metal of the electrode touches 
the skin, burns are produced by a much lower current, apparently 
because of excessive current density at the point of contact (Fig. 1). 
In this experiment, a current of 10 milliamperes was applied for 15 
minutes through a thickly padded electrode to a rabbit’s abdomen 
without causing burns. However, when a thin cross shaped metal 
sheet was placed between the padded electrode and the skin, 
the same current produced burns, but only where the metal touched 
the body. An otherwise safe current applied through a well padded 
electrode may cause a burn if contact between electrode and skin is 
loose. This condition is frequently painful and is probably caused 
by uneven distribution of the current, since the pain subsides when 
the electrode is pressed firmly to the skin. For a similar reason the 
application of an electrode over pustules or broken skin results in 
pain and burns since most of the current enters the body through 
these low resistance areas. With electrodes of equal size and current 
distribution, burns are produced at the cathode and at the anode 
with about the same strength of current and duration of application. 

The formation of acid and alkali on the electrode padding has been 
described by several authors (Challiol and Laquerriére,’ Hirsch,’ 
Shaffer’) and has been regarded as a contributing factor in the devel- 
opment of burns. Consequently, attempts were made to prevent 
these irritants from coming in contact with the body, for example. 
dipping the cathode in a weak acid-in order to neutralize the hydrox- 
ide (Inchley,"' Rutenbeck"*). 

We have studied this problem by using, instead of the customary 
padded electrodes, special electrodes which consisted of fluid-filled 
glass cylinders 10 cm. long, 2.5 cm. in diameter and with two side 
outlets, 2.5 em. and 7.5 cm. from the end. One edge of the cylinder 
was ground, permitting, with a slight pressure and a little vaseline, 
a watertight seal between the cylinder and the skin. The cylinders 
were filled with water or saline and connected with the source of 
current by an immersed platinum wire. The two outlets on each 
cylinder permitted a continuous flow of fluid making possible the 
continuous removal of all electrolytically formed products. 
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The minimum currents necessary to produce burns within 40 
minutes were determined with saline flowing through the cylinders 
and with saline standing in the cylinder. As a control, identical 
currents were applied through a pad electrode, wetted with saline and 
covering the same area. ‘The current required to produce burns was 
the same in every instance. 

Since it was expected that the replacement of saline with distilled 
water would reduce the formation of caustics, the above experi- 
ments were repeated under these conditions. The results however, 
were the same; the fluid in the anode and cathode cylinders continued 
to show a considerable acid or alkaline reaction. Apparently the 
sodium chloride present in the tissues migrates through the skin, 
permitting the formation of sodium hydroxide and hydrogen at the 
cathode and hydrochloric acid and oxygen at the anode. However, 
when the contents of the cylinders, after severe burns had been pro- 
duced, were applied to corresponding skin areas for periods up to 
3 hours, but with no current flowing, no visible irritation was pro- 
duced. Similarly negative results followed the application of sodium 
hydroxide and hydrochloric acid solutions one hundred times as 
concentrated as that in the cylinders, indicating that iontophoretic 
burns are not caused by the contact of the acid and alkali with the 
surface of the skin. Rein'’ has reported that by decreasing the 
current and increasing the time of application, irritation following 
an iontophoretic treatment can be eliminated. Under these condi- 
tions, while the quantity of electrolytic products formed remains the 
same, the rate of their formation is slower and thus the possibility 
of local accumulation is reduced. We have confirmed this observa- 
tion; 30 milliamperes for 15 minutes produced burns, while 15 milli- 
amperes passing through the same electrode for 30 minutes caused 
no visible irritation. 

Hill and Taylor® have recently reported that wetting the anode 
electrode with weak hydrochloric acid causes pain at a lower current 
density than wetting with saline. We have not only confirmed these 
findings, but also observed that the addition of the weak acid causes 
burns at a lower current density. In Figure 2 are shown four anode 
areas on a rabbit’s abdomen to which the same current density was 
applied for equal lengths of time. Three of the pads were wetted with 
hydrochloric acid in concentrations of 0.001 %, 0.01 % and 1 %"and 
the fourth with saline. It can be seen that the area wetted with the 
strongest acid was severely burned, while that under the 0.001 % acid 
appeared as normal as that under saline. If, on the other hand, a 
1% hydrochloric acid was placed on the skin without current flowing, 
no visible irritation was produced. Since in our previous experi- 
ments with fluid-filled electrodes the acid formation during the 
iontophoresis never exceeded 0.001%, it appears that acid formation 
at the electrode is without influence on the development of burns. 
Lewis and Zotterman“ and Hill and Taylor® have shown that the 


Fic. 1. Effect of uneven distribution of current. Area 2: 10 milliampere flowing 
for 15 minutes through a well-padded electrode. Area 1: the same current flowing 
for the same length of time, but with a thin, cross-shaped metal sheet placed between 
the padded electrode and the skin. 


Fic. 2.— Influence of acid on formation of burns on anode area. Ten milliamperes 
passed for 6 minutes through areas of 6 sq. cm. using the following to wet the elec- 
trode padding. Area 1 (upper left): 1% hydrochloric acid. Area 2 (upper right): 
0.01% hydrochloric acid. Area 3 (lower left): 0.001% hydrochloric acid. Area 4 
(lower right): 0.9°7 sodium chloride. 
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hydrogen and oxygen liberated within the body during the passage 
of the galvanic current destroy the surface layer of the skin. They 
place greater emphasis on the physical injury caused by minute gas 
bubbles than on the chemical irritation. 

Heat, due to sparking or to the high resistance offered by the skin 
to the passage of the current, can also be discounted as a cause of 
burns, since the possibility of sparking is eliminated in the experi- 
ments in which burns occur under the fluid-filled electrodes. Fur- 
thermore, our measurement of the skin and subcutaneous tempera- 
ture with thermo-needles (Table 1) confirmed the earlier observation 
by Shaffer®® that no increase of temperature takes place during the 
passage of the current which could cause burns. The slight rise of 
temperature observed by Turrel*! is due to the vasodilator effect 
of the galvanic current itself and therefore can not exceed the tem- 
perature of the circulating blood. 


TABLE 1.—SvuBCUTANEOUS SKIN TEMPERATURE DvuRING PassaGE OF GALVANIC 


CURRENT. 

Temp., 
Time. Current. Remarks. 
. « 34.2 Burns produced in 
34.4 vicinity of ther- 
34.6 


Since the formation of hydrochloric acid and sodium hydroxide 
in the electrode cylinders filled with distilled water indicated a 
migration of chlorine and sodium ions from the body, the possibility 
of pH changes within the skin and subcutaneous tissues was investi- 
gated. The potentiometric method of pH determination was selected 
as the most accurate and convenient. A specially constructed 
L-shaped glass electrode, the tip of which was drawn into a capil- 
lary to facilitate insertion under the skin, was used with a similarly 
shaped calomel electrode.* Continuous readings of the normal pH of 
the subcutaneous tissue in the area directly underneath the electrode 
were first taken for 10 minutes. Lontophoresis was then started and 
pH readings were taken at about 5-minute intervals during the 
following hour. 

The pH of the tissue changed considerably during the passage of 
the galvanic current (Fig. 3). At the anode the tissues became 
increasingly acid, while a change in the opposite direction took place 
under the cathode. The degree and rapidity with which these 
changes occurred depended on the current density. 

In the majority of cases the iontophoretic burns are due to faulty 
design or application of the electrodes. However, they may occur 
even under ideal conditions if the current density is excessive. It is, 


* We wish to thank Dr. Nelson R. Trenner of the Merck Research Laboratories 
for the construction of these electrodes. 
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therefore, not only necessary to observe all precautions associated 
with the application of the electrodes, but also to limit the current 
density. Since it is known that an excessive current density usually 
results in pain, it was investigated whether a definite relation exists 
between the current density producing pain and that producing 
burns. 

The following experiments on dogs and rabbits were therefore 
performed: Electrodes were applied to the shaved abdomen of 
non-anesthetized animals and a current of increasing strength passed 
until the animal indicated a feeling of discomfort by a sudden change 
in respiration. The animal was then anesthetized and the minimum 
current necessary to produce burns determined. The ratio between 
these two currents was usually approximately 3:4. This margin 


TiME int 


Fic. 3.—Influence of galvanic current on the pH of the subcutaneous tissues under 
the anode. 


is so narrow that it is inadvisable to depend on pain sensation as a 
criterion for the prevention of burns, and another means for keeping 
the current within safe limits is necessary. 

Data concerning safe current densities can. be found in the litera- 
ture (Cumberbatch,’ Kovacs"), but they differ so greatly (up to 
10 times) that the discrepancy cannot be explained by experimental 
errors, but must rather be due to variations in technique. One of 
the factors in these variations is the area of the electrode. This was 
investigated in human subjects by passing current through a set of 
eight electrodes applied to the forearm, leg, and abdomen, ranging 
in size from 3.2 to 400 sq. cm. The current was increased at the 
approximate rate of 15 milliamperes per minute until pain was felt. 
The values obtained in 6 different subjects were strikingly similar 
(Fig. 4). It must be emphasized, however, that these experiments 
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were performed under optimal conditions, namely observing sub- 
jects and correct application of the electrode. The experiments with 
animals showed that a moderate increase of the current above the 
pain threshold is likely to result in burns. That this is also true in 
man is indicated by the reaction of two of our subjects who were 
apparently less sensitive to pain and tolerated higher current densi- 
ties than the others (Fig. 4). They developed, at the site of appli- 
cation, a rash with formation of wheals which persisted for several 
days, while a visible skin reaction was completely absent in the 
other 4 subjects tested with somewhat lower currents. Since it is 
well known that various parts of the body differ greatly in their 
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Fia. 4.—Influence of electrode area on maximum tolerable galvanic current density. 


sensitivity toward faradic current, it was investigated whether a 
similar condition existed for galvanic current. In experiments in 
humans, the galvanic voltage and current necessary to produce 
pain were measured simultaneously. When the comparison was 
based on the voltage the results were similar to those observed with 
faradic stimulation. However, when the milliamperage was used 
as a basis for comparison the various regions of the body showed only 
slight differences in sensitivity. 

In view of the fact that the curves shown in Figure 4 represent 
current maxima tolerable for a short time only, it seemed interesting 
to investigate whether current values taken from a curve of similar 
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shape but on a lower level could serve as a practical means for select- 
ing a safe current limit. 

We therefore constructed a curve (Fig. 5) based on the approxi- 
mate current densities used in a large number of clinical applica- 
tions* and having a shape similar to that of Figure 4. Its validity 
was tested by applying iontophoresis without therapeutic ions with 
electrodes of various sizes to different parts of the body of 20 sub- 
jects of both sexes varying in age from 18 to 55 years. Current 
values taken from the constructed curve were applied for 15 minutes. 
Our expectation that no discomfort or undesirable skin reaction 
would result was substantiated in every case. 


Fic. 5.—Recommended current values for therapeutic iontophoresis with electrodes 
of various sizes. 


Summary. 1. Galvanic burns are probably caused by electro- 
lytic changes within the tissues and not by the generation of heat or 
sparking between the electrode and the body. 

2. These electrolytic changes result from extreme current densi- 
ties due to excessive milliamperage or uneven conductivity over the 
electrode area (electrode metal touching body, insufficient thickness 
of padding, or existing skin defects). 

* We are indebted to Dr. I. S. Wright for supplying this information from the 
records of the Post-Graduate Hospital, New York. 
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3. The accumulation of caustics formed in the electrode is insuf- 
ficient to produce burns, as shown by the application of hydrochloric 
acid or sodium hydroxide one hundred times as concentrated as 
found in the electrode padding. 

4. The pH of the subcutaneous tissues under the anode or cathode 
shifts during iontophoresis toward the acid and alkaline side respec- 
tively. 

5. The sensitivity of various parts of the human body to galvanic 
stimulation is practically uniform. 

6. The ratio between the galvanic currents required to produce 
pain and burns was found to be approximately 3 : 4. 

7. The safe current density varies with the size of electrodes. 
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EXPERIMENTAL STUDIES UPON THE TOXICITY OF 
BENZEDRINE SULPHATE IN VARIOUS ANIMALS.* 


By W. E. Enricu, M.D., 
F. H. Lewy, M.D., 


AND 


E. B. Krumpxaar, M.D., 


PHILADELPHIA, PA. 


(From the Department of Pathology, School of Medicine, University of 
Pennsylvania.) 

FRoM a previous study of the effects of large doses of benzedrine 
sulphate (amphetamine sulphate) on the albino rat,'® the conclusion 
was drawn that in this species the minimum lethal dose varied with 
the weight (age) of the animal from about 35 to 200 mg. per kilo; that 
the greatest non-toxic dose amounted to about 2 to 5 mg. per kilo; 
and that the failure of repeated sublethal doses to produce detectable 


* Aided by a grant from the Smith, Kline and French Laboratories, Philadelphia. 
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lesions indicated that there should be a considerable margin of 
safety in the proper therapeutic use of the drug. We also observed 
tolerance changes, namely a greater susceptibility during the first 
9 days of the experiments, and a marked increase in tolerance there- 
after. 
In man, similar experiences have been recorded by most observers. 
After therapeutic doses, which according to a Report of the Council 
on Pharmacy and Chemistry* should not exceed 60 mg. per day 
(1 mg. per kilo), it is true that in a number of cases tremor, sweating, 
dryness of mouth, loss of appetite, loss of weight, and other unpleas- 
ant symptoms made their appearance. However, there were no 
effects which could be considered as seriously harmful. 
Similar observations have also been made with considerably larger 
doses. Thus, Matthews" has given 90 mg. per day over long periods 
(1 to 2 mg. per kilo); Korns and Randall” have treated patients with 
orthostatic hypotension with 150 mg. daily for 6 months; Solomon, 
Mitchell and Prinzmetal* administered to | patient 160 mg. per 
day for 3 weeks (2 to 3 mg. per kilo); Davidoff and Reifenstein’ even 
gave to | patient 200 mg. in | day (3 to 4 mg. per kilo), and Robin- 
son,'$50 mg. every 3 hours (or 250 mg. daily). None of these observers 
noticed any truly harmful effects. Furthermore, Dr. E. M. MacKay 
has kindly furnished us with a report on a man of 67 who in 1937 
accidentally took between 300 and 800 mg. (most likely 450 mg., 
i. e., 5 to 6 mg. per kilo). When he was first seen on the second 
morning “the pressure was raised. He was extremely excited, 
appearing somewhat ‘wild-eyed,’ and was very apprehensive. His 
heart action was violent, and the palpitation bothered him a 
great deal. Because of his apprehension he had remained relatively 
quiet. He received Nembutal on the second day, but no (other) 
therapy. Recovery was uneventful, and he is all right at the present 
time.’’ And finally, Waud* has reported observations on 8 remark- 
able experiments in a young man. The drug was given by means 
of 2 inhalers at intervals of 7 to 10 days; the amount absorbed each 
time was estimated at 4 to 5 mg. per kilo. The toxic signs included 
dilatation of the pupils for 6 to 12 hours, marked dryness of the mouth 
for 24 hours, marked signs of emphysema of the lungs, many extra- 
systoles, sinus arrhythmia, tachycardia, marked rise in blood pres- 
sure, extreme loss of appetite for 2 to 3 days, and loss of weight for 
a week, amounting to 10 to 14 pounds. However, there was no 
* cyanosis, no vomiting, no nausea; the electrocardiogram was normal 
before and after the inhalation; and there were no bad after-effects. 
Concerning the tolerance of benzedrine, it was observed by 
Nathanson" that older persons seemed to tolerate more of the drug 
than young people. Giving repeated doses, Solomon, Mitchell and 
Prinzmetal” found no evidence of increasing tolerance. Wilbur, 
Maclean and Allen,” on the other hand, noticed that “the effect 
wore off.” This was particularly striking in patients who were in 
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a state of depression; whereas cases of narcolepsy seemed to con- 
tinue to respond well. This experience has been confirmed by the 
experiments of Waud:* ‘A definite tolerance of the body for 
benzedrine is slowly built up, and increasing doses are necessary 
to produce the original effects.” 

However, several warnings have also been published. An editorial 
writer’ states that “cases of collapse, fainting and insomnia have 
been reported to the student health physicians. Dr. Ruth Boynton 
issued a warning in the Minnesota Daily against the use of this 
drug by students. ... and according to Time, deans and officials 
of other colleges are finding it necessary to issue similar warnings.” 
The same journal” states that the use of the drug ‘‘over long periods 
is certainly not without danger, particularly to the circulatory 
system.” Anderson and Scott* saw collapse, vomiting and heart- 
block with an occasional extrasystole in a patient who suffered from 
involutional depression with paranoid ideas after receiving 30 mg. 
(0.4 mg. per kilo); Davies* observed collapse, vomiting and aplastic 
anemia in a student who before and during school examinations 
took first 20 mg. daily for 6 days, and thereafter 10 mg. daily for 
3 days, and after an interval of 5 days, 10 mg. daily for another 4 
days; and Matthews" meitioned that a colleague had reported to 
him that after taking 30 mg. during a period of strain with physical 
exhaustion he experienced temporary tachycardia, rise in blood 
pressure, dilated pupils, insomnia, nausea and vomiting. More- 
over, Apfelberg* has recently reported a case of what appears to be 
acute benzedrine poisoning. The man, an elevator operator of 
29 years, a psychoneurotic, probably took 140 mg. (2 mg. per kilo), 
and developed unconsciousness, collapse and shock. This patient, 
too, recovered from the intoxication. Finally, Dr. E. M. MacKay 
has kindly given us details of a very interesting case: ‘The indi- 
vidual was a laboratory technician, male, 27 years old, who, as we 
learned later, had a manic depressive history. He weighed 130 
pounds. We know definitely that he weighed out 350 mg. of ben- 
zedrine sulphate, which he took along with several glasses of whiskey 
and soda. Two hours later when he appeared at his home he was 
already showing evidence of considerable cerebral irritation, and 
told his wife what he had done. He was excited and told of the inci- 
dent as an attempt at suicide, although actually it was designed to 
obtain sympathy. The stomach was washed out a few minutes 
later, between 2 and 2} hours after taking the drug. . . . The patient 
received 6 gr. of sodium amytal and was put to bed. He disap- 
peared in the middle of the night, and was found nude on the seal 
rocks one hundred yards off the shore not far from the hospital, 
the following morning at day light. He was suffering from exposure 
when rescued, but he was quite coherent in conversation, although 
euphoric, excited and irritable. His blood pressure was raised. He 
was put to bed, but disappeared the following morning. At the 
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time of his disappearance a bottle containing between 20 and 30 
grams of benzedrine sulphate was removed from the laboratory 
shelf and emptied. He was found two days later with the remnant 
of this drug in a folded paper. He gave a history of having been 
eating pinches of it continuously. When taken in this manner it 
has a slightly irritant action on the mucosa, and there was evidence 
of this action about the lips and gums. When found, his automobile 
was stuck in the sand near the surf about fifteen miles down the coast 
from here. The patient was drawing meaningless words i: the sand, 
presumably as signals to aeroplanes which were circling overhead. 
He was in very bad shape physically. We know practically nothing 
of where he was or what he did during the two days that he was 
out of our ken. Several indications from gasoline purchases and 
his automobile speedometer show that he had travelled between 400 
and 500 miles, going into an interior valley and coming back again. 
How much of the drug he took during this episode I really do not 
know, but feel certain that it was a great deal. He stated that he 
had taken it continuously, and had lost only } teaspoonful. Upon 
hospitalization and the administration of barbiturates he made an 
uneventful recovery; but of course, he is still a manic depressive.”’ 

Though it is obvious that the last 2 cases were true cases of ben- 
zedrine poisoning, it should not be overlooked that all these persons 
when they took the drug were either physically or mentally exhausted 
or disordered and that the dosage was far beyond therapeutic limits. 
These cases can therefore not be regarded as evidence for a toxic 
character of the drug in reasonable amounts; though they do show 
that in cases of physical or mental exhaustion the drug should be 
administered with extra caution. 

Since it seemed desirable to learn more about the toxicology of 
benzedrine experimentally, we have continued our studies by exam- 
ining a greater variety of animals, and by extending experiments 
over a longer time. Special attention was paid to ascertaining the 
lethal dose, changes in tolerance, and the largest non-toxic dose. 
We also include a pathologic study of the brains by Dr. F. H. Lewy. 


Material and Methods. For these experiments we used 71 guinea pigs, 
50 rabbits, 9 monkeys, 24 dogs, and 2 sheep. The weights of the animals 
are given in Table 1. 

The methods employed were essentially the same as those which we used in 
our previous study.'° The guinea pigs, rabbits, monkeys, and sheep received 
“the drug subcutaneously; the dogs, by mouth. The individual doses given 
are found in Table 1. 

The blood picture was determined from a sample of blood from the ear 
vein (in rabbits and dogs) or from an incision in the dorsal surface of the 
tail (in monkeys). For the morphological study, sections of liver, kidneys, 
adrenals, heart, aorta, intestine, spleen, lungs and bone marrow were stained 
with hematoxylin-eosin, Azur Il-eosin, and Sudan III; and sections of 


brains were treated with various special stains for ganglion cells, nerve 
fibers and Schwann’s sheaths. 
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-LeTHAL Dose OF BENZEDRINE IN DIFFERENT ANIMALS. 


TABLE 1. 


No. of animals dead after injection 


Dose No. of (expressed cumulatively). 
Weight of mg./1000 animals - —--— —__——— ooo 
animals (gm.). (gm.). used. Injection. 
Ist. 2d. 3d. 4th. 5th. 6th. : 
Guinea pig 
95 to 200 20 4 0 2 2 2 2 2 ie 
(young) 25 4 1 1 1 2 2 2 ag 
30 4 1 1 1 2 3 3 
40 4 2 2 2 3 3 3 
50 4 2 2 2 3* 3 3 : 
60 4 0 1 1 1 1 4* 
80 3 1 2 2 2 3 
100 4 l 3* 4 
150 4 3 4 
200 2 2 
350 to 720 20 2 0 0 0 0 0 0 * 
(adult) 25 4 0 0 0 0 0 0 x 
30 4 0 0 0 lt 2 2 
40 4 0 1 3 3 3 3 
50 2 it 2 
60 4 0 2 3 4 
80 4 1 4 
100 4 2* 4 
150 4 2 4 
200 2 2 
Rabbit 
400 to 470 25 2 0 0 0 0 0 0 
(young) 30 2 0 l 1 1 1 
40 2 0 2 
50 2 2 
100 2 2 
1320 to 2280 20 a ( 0 0 0 0 0 fe 
(preadult) 30 4 1§ l 1 1 1 oe 
40 3 0 0 0 0 0 0 na 
50 2 1 2 
60 2 2 
100 2 2 
2510 to 4380 15 4 1 1 1 2 2 2 
(adult) 20 4 2 < 3 3 3 3 
30 2 
40 2 2 
Monkey 
2930 to 3270 2.5 


(young) 


3795 to 6440 
(adult) 


D 


0g 
7000 to 26600 10 ‘ 0 0 0 0 0 0 
(adult) 15 ‘ 0 0 0 0 0 0 


35650 to 42320 10 1 0 0 0 0 0 0 
(adult) 15 1 1 


* One of these guinea pigs had abscesses in the liver. 
+ This guinea pig had acute diffuse liver necroses. 
~ One of these guinea pigs had subacute diffuse liver necroses. 
This rabbit had a confluent bronchopneumonia. 
One of these rabbits had nephritis and marked coccidiosis. 
§ The other dog received but one injection. 


Results. 1. Lethal Dose. If we consider as the minimum lethal 
dose one which kills half or more of the animals treated, we find 
(Table 1) that in young rabbits weighing 400 to 2280 gm., this dose 


789 

5 

10 1 i 
15 1 

20 1 1 

5 1 0 

10 l 0 
15 1 0 0 0 0 0 0 Des 
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is 50 mg. per kilo; in adult rabbits weighing 2510 to 4380 gm., 20 mg. 
per kilo; in young monkeys weighing 2930 to 3270 gm., 5 mg. per 
kilo; in adult monkeys weighing 3795 to 6440 gm., 20 to 25 mg. per 
kilo; in adult dogs, 20 mg. per kilo, and in adult sheep, 15 mg. per 
kilo. In guinea pigs, on the other hand, the lethal dose could not 
be strictly defined. This was true at least for the young guinea pigs 
weighing 95 to 200 gm., the lethal dose of some of which was 40 to 
50 mg. per kilo, while others survived with as much as 60 to 100 mg. 
per kilo. 

Comparing the lethal doses in our different species (including the 
rats which we studied previously), we find (Table 2) that the lethal 
dose decreases with increasing weight of the species; and also with 
increasing age (and weight) of individuals of the same species. The 
only exception to the latter are the monkeys, the younger of which 
died with a single dose of as little as 5 mg. per kilo; while the older 
ones died only with 20 to 25 mg. per kilo. It is true that all the young 
monkeys were Macacus rhesus, while 3 old ones were green monkeys. 
But the fourth old monkey was a Macacus rhesus too. The latter 
first received 5 mg. per kilo, and thereafter, at intervals of 1 week 
each, increasing doses, once a week, up to 60 mg. per kilo (5, 10, 15, 
20, 30, 60 mg.) without succumbing to the drug. Therefore the 
difference between the young and old monkeys can hardly be ex- 
plained by differences in race. However, the older monkeys were well 
accustomed to man, while the younger ones were very much afraid. 
As a matter of fact, one was so excitable that it fainted occasionally 
when it was approached. Since we have evidence that in man the 
effect of benzedrine varies considerably with the mental condition 
of the person, it may well be that the greater susceptibility of the 
young monkeys was at least in part due to their greater mental 
lability. 

2. Tolerance. In almost all cases, an animal received equal 
amounts of the drug at each dose, at least for the first 9 days. The 
second injection was given 3 days after the first; the third, 2 days 
after the second; and thereafter the animals received daily injections 
6 days a week. Using this method, it was found that some guinea 
pigs and rabbits which survived a first sublethal dose succumbed 
after the same dose when it was first repeated, or perhaps later 
(Table 1). Of 61 guinea pigs receiving such doses, 17 died after the 
first, 17 after the second, 4 after the third, 7 after the fourth, 3 after 
the fifth, and 3 after the sixth injection; and of 21 rabbits, 5 died after 
the first, 3 after the second, 2 after the third, and 1 after the fourth, 
ninth and tenth injection respectively. However, this response was 
observed only in guinea pigs and rabbits (as in rats) ; in monkeys and 
dogs it was not noted. 

In the present series of experiments a considerable percentage of 
animais died after the second injection, given 3 days after the first. 
In view of this delay, the explanation which we offered in the case 
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of our rats, namely that this effect was perhaps due to incomplete 
elimination of the drug during the interval, may not be the only 
explanation here. It is true that the higher number of casualties 
among the guinea pigs after the fourth injection could be explained 
by such an assumption, for this was the first injection given after 
an interval of but 24 hours; in the other cases, however, the pos- 
sibility cannot be excluded that there was a true decrease in toler- 
ance to begin with, and that this decrease disappeared within a 
fortnight. 

If the injections were continued beyond this period, no more 
animals were lost, with the exception of 3 of our dogs, 2 of which 
received daily injections of 15 mg. per kilo, and the third 10 mg. per 
kilo, dying after 14, 43 and 64 months respectively. But these 
animals had steadily lost weight; they had developed a marked 
anemia; and at autopsy the 2 which survived for the longest time 
showed marked skin and eye lesions, such as loss of hair, eczema, 
ulceration, and partial blindness. Dr. H. L. Ratcliffe, who was good 
enough to examine these animals, stated that they did not suffer 
from alopecia. Since these dogs were the only ones that died in this 
way, and since they received the highest sublethal doses that dogs 
can stand, it cannot be denied that the benzedrine was actually 
concerned in their death, though it could hardly be maintained that 
they died from benzedrine directly. As these dogs died during August 
and September, and as their food had deteriorated in the summer 
heat, we are inclined to believe that they actually died from mal- 
nutrition, possibly from a vitamin deficiency ; and that the benzedrine 
was merely a precipitating factor, which by lowering the appetite 
of the dogs decreased the intake of their low quality food to such 
an extent that it became inadequate. 

That the higher susceptibility while taking benzedrine actually 
disappeared within a fortnight is best illustrated by the fact that 
thereafter in most animals the dose had to be increased considerably 
beyond the minimum lethal dose to have a lethal effect (Table 3). 
This was most striking in rabbits, monkeys and sheep whose lethal 
dose could be strictly defined; whereas in the guinea pigs, whose 
lethal dose varied a great deal, increased tolerance was present too, 
but not to the same degree. As in some of these animals the lethal 
dose had to be increased 10 times to have a lethal effect, this 
increase in tolerance is very definite. 

3. Greatest Non-Toxic Dose. In order to find the greatest non- 
toxic dose we have carefully recorded our clinical observations; 
and in addition, we have thoroughly studied the morphology of 
the animals, after killing them at various intervals. 

A. Clinical Observations. The general behavior of the animals 
when under the influence of the drug was much alike in the 
different species studied in this investigation, though of course 
there were some noticeable differences, and much like that of 
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our earlier rats.'° They became excited, showed abnormal motility 
and queer movements; and the guinea pigs, rabbits and monkeys 
gnawed violently at the metal cages or at their chains. Some 
rabbits were even found to gnaw at their own feet or thoracic 
skin, 1 animal damaging itself so badly that it had to be killed; 
and 1 of the 2 sheep was seen to chew the wool of its feet. These 
reactions were definitely present after 10 mg. per kilo in preadult 
rabbits, and after 5 mg. per kilo in monkeys. 

_—. Rabbits about to die from the drug appeared to be paralyzed 
in their hind legs. Most of them lay down quietly to ‘‘fade away.” 
Some, however, cried suddenly; but thereafter were quiet again. 
In 2 rabbits which received 50 and 100 mg. per kilo we observed what 
appeared to be tremor 1 to 2 hours before the animals died. In 
2 animals, which received 10 and 15 mg. per kilo, we observed con- 
vulsive movements shortly before death. 

~—— Monkeys about to die sat down as a rule, apparently because they 
were exhausted. Occasionally they jumped up again, but soon fell 
back down on their bellies. Of 5 monkeys, which were closely watched 
while dying, 2 which received 10 and 15 mg. per kilo “faded away.”’ 
Two, which received 25 and 150 mg. per kilo, however, showed 
definite convulsions shortly before they died; while the fifth which 
received 20 mg. per kilo presented what appeared to be abortive 
convulsions. 

The 1 sheep that received a lethal dose fell on its belly after 15 
minutes and remained unable to rise. After 2} hours it turned on 
its side, was unable to return to its former position, and was found 
dead the next morning. 

As to the eyes, dilatation of the pupils and absence of reaction to 
light was constantly present in all species. In the rabbits, both 
dilatation and absence of reaction was found after 10 mg. per 
kilo or more, while 5 mg. per kilo or less were without such an effect. 
The disturbance lasted the longer, the larger the dose. In the mon- 
keys, dilatation of the pupils and absence of reaction to light were 
missing only in the | animal which received less than 5 mg. per kilo. 
In addition, slight conjunctival injection was casually observed in 
rabbits, monkeys and dogs. 

Dryness of the mouth was suggested in some animals; marked saliva- 
tion was observed in some dogs. It was very marked in | monkey 
and in 1 sheep. Respiration was greatly accelerated in most animals 
which received larger doses. In some rabbits it was up as high as 
250 per minute. The action of the heart was studied in 2 rabbits 
which received 30 and 50 mg. per kilo. The electrocardiogram, for 
which we are indebted to Dr. F. C. Wood, showed first bradycardia 
and sinus arrhythmia, and after 15 minutes marked tachycardia, 
with a rate of 300 to 350 per minute, which persisted. There were 
no other changes that were surely not due to the cardiac rate. 

Loss of weight, or in the case of growing animals retardation of 
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growth, was about the same in all species. In our guinea pigs both 
were invariably present. However, the smallest dose they received 
was 20 mg. per kilo. In preadult rabbits no retardation of growth 
was noted, with the smaller doses, except in 1 rabbit which got 5 mg. 
per kilo. Of 11 rabbits, which received 10 mg. per kilo or more, 3 
showed a moderate and 2 a marked retardation of growth, and 6 an 
actual loss of weight. However, these changes were present only in 
the first 2 or 3 weeks; thereafter all rabbits grew again normally. 
Of the adult rabbits, all showed a marked loss of weight; however, 
all received 15 mg. per kilo or more. Of the monkeys, the 2 which 
were followed for some time lost weight considerably. An old green 
monkey which received 15 mg. per kilo for more than 5 months daily 
continued to lose weight all the time, amounting to about 23%. 
A young Macacus rhesus which received increasing doses from 2.5 
to 165 mg. per kilo lost about 20%. Of our dogs, ene which received 
} mg. per kilo daily showed a temporary loss of weight of about 17% 
during the first 3 months. Two dogs which received 1 mg. per kilo 
lost no weight at any time. Of 2 dogs which received 2 mg. per 
kilo, 1 showed a loss of 14% during the first 2 months. Of the dogs 
which got 5 mg. per kilo or more, finally, all showed a marked loss 
of weight. As we wanted to study these animals over a long time, 
the dose of benzedrine was adjusted to the changing weight (Figs. 
land 2). Thus, of 2 dogs which received 5 mg. per kilo, one returned 
to its original weight, whereas the other remained on a lower, though 
even level. Of those which receive 10 mg. per kilo, I remained on 
a lower, though even level, while the other lost weight continuously. 
The dogs which received 15 mg. per kilo lost weight continuously. It 
should be noted that those dogs whose weight could be stabilized 
remained alive; whereas those which lost weight continuously, died 
eventually from malnutrition (Cf. p. 791). 

B. The Blood Picture. This was carefully studied in rabbits, 
monkeys and especially in dogs. Of the rabbits, 20 received various 
doses of benzedrine, and 7 served as controls. However, since of the 
experimental animals 12 died from benzedrine or from intercurrent 
infections, and of the controls, 3 were found at autopsy to have 
spontaneous disease, there remained but 8 experimental animals and 
4 controls for evaluation. These were followed for 5 to 6 weeks. Of 
the 8 test animals, all developed a moderate anemia, their erythro- 
cytes coming down to 4.0 to 4.6 millions per c.mm., irrespective of the 
dose of benzedrine (2 to 30 mg. per kilo), and of the initial count, 
which varied from 4.8 to 6.8 millions. The anemia was macrocytic in 
all cases. It reached its lowest level in 15 to 22 days after starting 
injections; however, since 2 of our 4 controls behaved the same way, 
no weight can be attached to this observation. The granulocytes 
(“amphophiles’’) in the rabbit are said to range normally between 
1600 and 5700 per c.mm. (Scarborough). All our normal counts 
were between 1700 to 5700. Considering figures above 6000 as 
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indicative of granulocytosis, this was present on several occasions 
in all 5 animals which received 10 or 20 mg. per kilo. However, 
there was no granulocytosis in the | rabbit which received 30 mg. 
per kilo; while 1 rabbit receiving 2 mg. per kilo and 2 controls 
each showed an elevated count on one occasion, and that not 
above 8000. In the rabbits which received 10 or 20 mg. per kilo, 
it rose as high as 12,100. As to the lymphocytes, all initial figures 
were between 2500 and 8900 per ¢.mm. (Scarborough’s normals 
1700 to 5200). Figures of 9100 to 16,100 were encountered in 4 
rabbits which received 5 to 20 mg. per kilo, as well as in 3 controls. 
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Fic. 1.—Btoop Picture anp Weicut or Dog 56. 
Dog 56 received 5 mg. of benzedrine per kilo daily for 17 months. The arrows 
indicate the time when the dose was adjusted to the changing weight of the dog. 


However, as these figures were obtained but once or twice on each 
animal, they cannot be regarded as due to the benzedrine. 

Of the monkeys, the blood picture was studied in all but 3; but 
only 2 were followed for a longer time. Monkey 1, an old green 
monkey which received 15 mg. per kilo daily, was studied over 
4 months; and Monkey 7, a young Macacus rhesus, which received 
daily doses of from 2.5 to 165 mg. per kilo, was followed for 3 months. 
Monkey | lost weight steadily, became moderately anemic at least 
for 1 to 3 months, and developed a marked granulocytosis for about 
2 months. Monkey 7, also, stopped growing and lost weight; it 
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developed a severe anemia and a marked granulocytosis when the 
dose was increased above 5 mg. per kilo (Table 4). | 
Of the 15 test dogs and 4 controls, the blood was studied in all ; a 
but 5. However, | died after a single large dose; 6 died from pneu- 3 
monia or distemper; and 3 that received 10 and 15 mg. per kilo died 
after 1} to 6} months, apparently from malnutrition (Cf. p. 791). Ee 
There thus remained but 7 experimental animals and 2 controls for 
protracted study; these were followed for 9 to 26 months. 
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Fic. 2.—Btoop Picture aNp oF Dog 57. 
Dog 57 received 10 mg. of benzedrine per kilo daily for 164 months. The arrows 
indicate the time when the dose was adjusted to the changing weight of the dog. 


As to the erythrocytes, if we consider figures from 4.5 to 6.0 
millions per c.mm. as normal under the existing conditions, none of 
our controls and none of our test animals which received 1 mg. per 
kilo or less developed anemia as a result of the drug. In a dog receiv- 
ing 2 mg. per kilo (Dog 566), the erythrocyte count went down to 
3.76 millions during the first 3 months; returned to normal for 5 
months; and again went down to 3.97 millions for another 5 months; 
thereafter remaining normal for the last 10 months. All the dogs 
receiving 5 mg. per kilo or more showed a definite anemia (Figs. 1 
and 2). In the 2 dogs receiving 5 mg. per kilo (Dogs 730 and 56), 
the anemia lasted for 5 to 6 months (lowest counts 3.67 and 4.23 
millions per ¢.mm.). In the dog receiving 10 mg. per kilo (Dog 57), 
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TaBLe 2.—LeTHaL Dose or BENZEDRINE IN DIFFERENT ANIMALS. 
Lethal dose in 


Animal. Weight (gm.). mg./1000 gm. 
100-195 50-60 
210-385 30-40 
95-200 40-150 
350-720 50-100 
1320-2280 50 
2510-4380 20 
3795-6440 20-25 
Sheep. .... . . . 85650-42320 15 


TABLE 3.—INCREASE IN TOLERANCE AFTER 10 Days OF THE EXPERIMENT.* 


Dose in mg./1000 gm. required to kill animal. The figures 
indicate percentage of animals killed. 


Animal. Injections. 5-10 15-25 30-40 50-60 80-100 150-200 300-500 


Rat 0 22 40 53 57 100 

After 6 7” 0 4 4 26 37 100 
Guinea pig . After 1 es 7 19 21 33 75 

After 6 hs 0 12.5 41 50 69 100 
Rabbit . . After 1 21 33 83 100 

After 6 a 11 22 33 56 89 100 
Monkey After 1 40 75 

After 6 0 0 0 50 50 100 
Sheep. . . Afterl 0 100 

After 6 0 0 0 0 0 100 


* The figures of this table have been calculated from all animals regardless of age. 


TABLE 4.—CHANGES IN THE BLoop PicTuRE AFTER ADMINISTRATION OF BENZEDRINE 


(Monkeys). 
Erythro- Granulo- Lympho- 
cytes Hemo- Hemo- Leukocytes cytes cytes 
Weight (mill. per globin globin (thous. per (thous. per (thous. per 
Date. (kilo). c.mm.) % index. ¢.mm.) ¢.mm.) ¢.mm.) 
Monkey 1. 
1938 
1/28 5.0 4.83 87 18.0 8.9 
4.88 88 18.0 9.1 re 1.9 
2/1 Injection started, 15 mg. per kilo daily. 
2/5 ae 4.22 87 20.6 14.0 11.0 2.9 
2/19 ie 4.14 78 18.8 14.4 13.0 1.4 
3/5 4.35 4.21 78 18.5 17.3 13.6 3.6 
4/1 4.1 4.55 79 17.4 12.7 
5/10 3.9 4.22 80 19.0 10.8 
6/2 3.8 4.95 80 16.2 9.9 - A 2.3 
Monkey 7. 
1938 
3/29 3.3 4.34 75 17.3 16.8 8.4 8.4 
4/1 hen 4.94 84 17.0 15.7 
5/10 3.8 4.51 90 20.0 12.5 
5/10 Injection started, 2.5 mg. per kilo daily until 5/30; 5 mg. on 5/31 
6/2 3.65 4.77 82 17.2 18.8 12.2 6.6 
6/2 Injection continued with increasing doses from 10 mg. to 50 mg. 


each 2d or 3d day until 6/23. 
6/24 3.4 3.06 74 24.2 21.3 16.2 §.1 
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it lasted for 2 to 3 months (lowest count 4.02 millions). It should be 
noted (Table 5) that in general the degree of the anemia was the 
more severe the greater the dose of benzedrine and the heavier 
the loss of weight. The duration of the anemia, however, was with- 
out respect to either dose or loss of weight. There was a definite 
tendency to macrocythemia, while the saturation of the cells with 
hemoglobin and the number of reticulocytes remained rather con- 
stant (Fig. | and 2). While we do not hesitate to attribute the anemia 
of the last 3 dogs to the action of benzedrine, this is doubtful in the 
case of the animal which received 2 mg. per kilo; as there seemed to be 
a periodical variation, the counts being normal during the summer 
and low during the winter. As similar observations were made in 
at least 2 other animals which received } and | mg. per kilo; and as 
it was not possible to maintain the animals under the best hygienic 
conditions throughout, seasonal influences cannot be excluded. 
Romeis,'® for instance, found increased blood destruction in the 
spleen of mice which accidentally were exposed to a heat of 86 to 
93° F. for 2 months. 


TABLE 5.—DvuRATION AND DEGREE OF ANEMIA AND GRANULOCYTOSIS AFTER 
BENZEDRINE AS ComPparRED We1cut Loss (Dogs). 


Lowest Highest Maxi- 

Dose in Duration of | erythro- Durationof granulo- Duration mum 

Dog mg./1000 anemia cyte count granulocy- cyte count of weight weight 

No. gm. (mos.). (millions). tosis (mos.). (thousands). loss. loss (%) 

730 5 5-6 3.67 }-1 15.6 1-2 20 
56 5 6 4.23 }-1 12.8 ti 33 
57 10 2-3 4.02 1-2 11.7 7-8 25 
268* 10 Continued 2.57 3 23.6 Continued 41 
729* 15 Continued 2.12 2-3 17.4 Continued 29 


* These dogs died spontaneously, apparently from malnutrition. 


Two of the 3 dogs that died of malnutrition had long continued 
blood studies. Dog 268 showed a progressive anemia together with 
a progressive loss of weight until death after 63 months; Dog 729 
showed a marked anemia and a low weight constantly until it died 
after 45 months (Table 5). In the former, the erythrocyte count 
dropped to 2.57, and in the latter to 2.12 millions per c.mm. The 
size of the erythrocytes was markedly increased in the former, and 
moderately in the latter. The hemoglobin saturation of the eryth- 
rocytes, however, remained rather constant; the number of reticulo- 
cytes was always low, except once in 24 counts, ¢. e., negligible as 
far as benzedrine is concerned. 

As to the leukocytes in the dogs, there was no lymphocytosis at 
any time, and no granulocytosis in any animals which received | mg. 
per kilo or less, or in our controls (except for 1 dog that showed a 
temporary granulocytosis apparently due to infection). All dogs 
receiving 2 mg. per kilo or more developed a definite granulocytosis. 
In general, the degree and especially the duration of the granulo- 
cytosis was higher, the larger the dose of benzedrine (Table 5). In 
the dog receiving 2 mg. per kilo, it lasted but 1 to 2 weeks, the high- 
est count being 16,786 per c.mm.; while in the 2 dogs which got 
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5 mg. per kilo it lasted } to | month, the highest counts being 12,806 
and 15,607 per c.mm.; while in the dog which received 10 mg. per 
kilo it lasted 1 to 2 months, the highest count being 11,739 per ¢.mm. 
In the 2 dogs that died from what we believe was chiefly malnutri- 
tion, the granulocytosis lasted for 2 to 3 months, the highest counts 
being 17,355 and 23,571 per c.mm. 

C. Postmortem Observations. The thoracic and abdominal organs 
were essentially normal in all animals which survived the adminis- 
tration of benzedrine. This was the case even in those dogs that 
received 5 or 10 mg. per kilo for 2 vears and longer, except that in 


Fic. 3.—Sections of small intestine from Rabbits 57 and 60 showing antemortem 
constriction of lumen after the administration of lethal doses of benzedrine. 


the latter the arterioles of spleen and kidneys appeared to be thicker 
than normal. However, there was no fatty change of the vessels, 
i. €., no arteriolosclerosis; and there were no necroses, scars, or cal- 
cification in any of the organs. As in rats,'® the livers contained 
but little stainable fat. 

In animals dying from benzedrine, there was marked dilatation 
of the heart; congestion of liver and kidneys; either congestion or 
contraction of the spleen; air in stomach and intestine; and in some 
animals, subpleural and pericardial hemorrhages, as well as marked 
and sharply delimited constrictions of the small intestine (see 
Fig. 3). Contraction of the spleen was observed in 22 of 31 guinea 
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pigs, in 11 of 25 rabbits, in 4 of 7 monkeys, and in | of 2 dogs. Sub- 
pleural and pericardial hemorrhages were observed especially in 
rabbits and monkeys; particularly after large doses (in rabbits after 
50 mg. per kilo and more, and in monkeys after 10 mg. per kilo and 
more). Constrictions of the small intestine (Fig. 3) were noted 
especially in rabbits, monkeys and dogs; and again especially after 
large doses (in rabbits after 30 mg.; in monkeys after 10 mg.; and 
in dogs after 25 mg. per kilo and more). 

The only histologic lesions in the thoracic or abdominal organs of 
the animals which died from benzedrine that could be connected with 
the action of the drug were necroses in liver and spleen. Definite liver 
necrosis, however, were seen only in 3 guinea pigs, | rabbit and | dog; 
and definite spleen necroses in 7 rabbits and | monkey. Most of 
these animals had received large doses of benzedrine. 

The central nervous system was thoroughly investigated in 3 mon- 
keys and 7 dogs. Of the 3 monkeys, Nos. 2 and 5 died 1 and 5 hours, 
respectively, after the first injection (25 and 10 mg. per kilo, respec- 
tively); No. 7, which first received 2.5 mg. per kilo for 3 weeks, died 
only 1} hours after a dose which had been gradually increased up to 
165 mg. per kilo. Monkeys 2 and 7 showed convulsions; Monkey 
5did not. As to the histology of the central nervous system, Monkey 
5 showed practically no changes. Monkeys 7 and 2, however, pre- 
sented characteristic signs of an acute intoxication of the brain, 
namely venous stases, perivenous hemorrhages in the meninges, 
white matter of the hemispheres, and cerebellum; and toxic degen- 
eration of the nervous cells in these regions. 

Of the 7 dogs, but 1 (Dog 500) died after the first administration 
of a lethal dose, and that between 4 and 20 hours following the admin- 
istration of 25 mg. per kilo. The brain of this dog closely resembled 
those of Monkeys 7 and 2 in that it showed congestion, numerous 
perivenous hemorrhages, and toxic degeneration of the cortical 
nerve cells. 

Of the other dogs, a group of 4 receiving 1 to 10 mg. per kilo 
for 17 to 25 months without succumbing to the drug appeared 
to be in good health when they were finally sacrificed. Of these, 
Dog 57 received 10 mg. per kilo for 17 months; Dog 730, 5 mg. per 
kilo for 22 months; Dog 566, 2 mg. per kilo for 23 months; and Dog 
267, 1 mg. per kilo for 25 months. Dog 267 showed no lesion what- 
soever in its central nervous system. The other 3 presented some 
chronic changes, namely a slight focal thickening of the meninges, 
in some places with obliteration of the subarachnoid space; a 
moderate fibrosis with hyaline degeneration and round-cell infiltra- 
tion of the arterioles and capillaries of the meninges, cortex and 
corpus striatum; small foci of blanching of nerve cells in the cortex 
(which in Dog 57 was associated with a fairly pronounced glia reac- 
tion, while in Dog 730 this reaction was questionable, and in Dog 
566 it was absent), and subependymal glia proliferation in the walls 
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of the lateral third and fourth ventricles (which at least in Dog 566 
reached the degree of true granular ependymitis). With the excep- 
tion of the latter, all changes were more marked in the dog which 
received daily doses of 10 mg. per kilo than in the dog which got 
2 mg. per kilo. The severity of these changes should not be over- 
rated. In terms of human pathology they are comparable only to 
those of elderly people suffering from a mild hypertension. 

The last 2 dogs studied belonged to the group of 3 which apparently 
died from malnutrition (Dogs 729 and 268). In both these dogs, 
dying 43 and 63 months after the onset of the experiment, obviously 
acute changes predominated; 7. ¢., congestion and toxic degenera- 
tion of nerve cells in the cortex. 

Comment. Attempts to compare our results with those in the 
literature reveal a scarcity of comparable data. As a matter of fact, 
we found no reports which dealt with the tolerance or the greatest 
non-toxic dose of benzedrine in animals; and but three papers 
which contained data on the lethal dose. Hartung and Munch" 
found the lethal dose of benzedrine hydrochloride to be 25 mg. per 
kilo in rabbits if the drug-was given intravenously; Alles! found it 
to amount to about 50 mg. per kilo in guinea pigs if given subcutane- 
ously, and Searle and Brown,” to about 30 mg. per kilo in rats when 
given subcutaneously and intraperitoneally. However, Hartung 
and Munch did not include figures on the weight (age) of their 
animals nor on the number of animals which they used; and Alles 
used but 10 animals, without giving their weight. The only study of 
toxicity after oral administration that we are aware of is that of 
Lumiére and Meyer," which shows that it is much less than by 
subcutaneous injection. 

Our experiments in general produced strikingly similar results in 
different animals and species. It is true that smaller (younger) 
animals and smaller species required as a rule larger doses per kilo 
to produce the same degree of reaction as in the larger animals and 
larger species; but qualitatively there was hardly any difference. 
Calculated in terms of the total dose per animal, it was found, as 
might be expected, that as a rule the larger individuals and species 
required larger total doses. The only exception to the similarity in 
response of the different species was the behavior of the erythrocytes, 
which in our rats increased in number after certain dosages; while in 
our rabbits, monkeys and dogs they tended to decrease. We cannot 
give a definite explanation for this difference. Though it is possible 
that the rat findings might have been the result of the technique 
required (repeated amputation of the tail), we hesitate to accept 
such an assumption as our findings were so uniform. Moreover, 
in man similar discrepancies have become apparent. Myerson, 
Loman and Dameshek” have observed a marked erythrocytosis 
after giving 40 mg. of benzedrine. On the other hand, Davidoff 
and Reifenstein,’ who gave 10 to 30 mg. of benzedrine, and Bradley® 
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and Donley,’ who gave similar doses, were unable to detect a 
definite erythrocytosis; while Schube, Raskin and Campbell,”! who 
gave humans daily doses of 10 mg. orally, found first a decrease, and 
later an increase in the hemoglobin, but no alteration in the number 
of erythrocytes. The discrepancies in man, to be sure, might partly 
be due to differences in the doses which were given, and in the periods 
which elapsed between application of the drug and the time the blood 
was taken. In our rats, however, this explanation does not apply, 
for as in our rabbits, monkeys and dogs all counts were taken 24 
hours after the last application of the drug. If in the rats 
this was really an erythrocytosis due to benzedrine, we would 
have to assume that this was a species difference and perhaps a 
redistribution rather than an increase in the total number of 
erythrocytes. It might be that the effect of the drug upon the 
blood reservoirs, such as the spleen, the mechanism which is 
held responsible for the increase of erythrocytes in the circulating 
blood after the application of benzedrine, lasted much longer 
in rats than in our larger laboratory animals. On the other hand, 
the anemia, when significant, may be taken as a true decrease in 
the total number of erythrocytes, due presumably to such factors 
as a toxic effect on the bone marrow and malnutrition. 

Comparing toxicity, our results are not incompatible with those 
found in man. As much as 5 to 6 mg. per kilo have been taken by 
man without causing death; while in our various animals, from 15 to 
200 mg. per kilo (with the exception of 2 monkeys) were required 
to cause death (Cp. Table 2). 

Concerning tolerance, “‘accustoming” has been observed by Wilbur, 
MacLean and Allen® and Waud.™ On the other hand, a greater 
susceptibility, as was observed during the first 2 weeks of our experi- 
ments, has apparently not been detected in man. However, it 
should be noted that greater susceptibility was observed by us only 
with sublethal doses, which in man have been given, if at all, only 
by Waud, who administered the drug only at intervals of a week. 

If we turn now to the greatest non-toxic dose, reports in the litera- 
ture indicate that unpleasant effects such as tremor, sweating, 
dryness of mouth or loss of weight have been observed with thera- 
peutic doses (up to 1 mg. per kilo). But harmful effects did not 
become apparent even with considerably larger doses (up to 5 to 
6 mg. per kilo), with the exception of perhaps 4 reported persons who 
took from 0.4 mg. per kilo to an undetermined amount of benzedrine. 
The latter, however, were all physically or mentally exhausted when 
they took the drug and therefore do not furnish unequivocal evi- 
dence as to the toxic character of the drug (see p. 788). 

It is obvious that the transient variations which have been 
observed, such as excitement, dilatation and paralysis of the pupils, 
loss of weight, and even temporary anemia and granulocytosis, can- 
not be regarded as harmful in the terms of this study. The only 
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of the lateral third and fourth ventricles (which at least in Dog 566 
reached the degree of true granular ependymitis). With the excep- 
tion of the latter, all changes were more marked in the dog which 
received daily doses of 10 ing. per kilo than in the dog which got 
2 mg. per kilo. The severity of these changes should not be over- 
rated. In terms of human pathology they are comparable only to 
those of elderly people suffering from a mild hypertension. 

The last 2 dogs studied belonged to the group of 3 which apparently 
died from malnutrition (Dogs 729 and 268). In both these dogs, 
dying 43 and 63 months after the onset of the experiment, obviously 
acute changes predominated; ¢. e., congestion and toxic degenera- 
tion of nerve cells in the cortex. 

Comment. Attempts to compare our results with those in the 
literature reveal a scarcity of comparable data. As a matter of fact, 
we found no reports which dealt with the tolerance or the greatest 
non-toxic dose of benzedrine in animals; and but three papers 
which contained data on the lethal dose. Hartung and Munch" 
found the lethal dose of benzedrine hydrochloride to be 25 mg. per 
kilo in rabbits if the drug-was given intravenously; Alles! found it 
to amount to about 50 mg. per kilo in guinea pigs if given subcutane- 
ously, and Searle and Brown,” to about 30 mg. per kilo in rats when 
given subcutaneously and intraperitoneally. However, Hartung 
and Munch did not include figures on the weight (age) of their 
animals nor on the number of animals which they used; and Alles 
used but 10 animals, without giving their weight. The only study of 
toxicity after oral administration that we are aware of is that of 
Lumiére and Meyer," which shows that it is much less than by 
subcutaneous injection. 

Our experiments in general produced strikingly similar results in 
different animals and species. It is true that smaller (younger) 
animals and smaller species required as a rule larger doses per kilo 
to produce the same degree of reaction as in the larger animals and 
larger species; but qualitatively there was hardly any difference. 
Calculated in terms of the total dose per animal, it was found, as 
might be expected, that as a rule the larger individuals and species 
required larger total doses. The only exception to the similarity in 
response of the different species was the behavior of the erythrocytes, 
which in our rats increased in number after certain dosages; while in 
our rabbits, monkeys and dogs they tended to decrease. We cannot 
give a definite explanation for this difference. Though it is possible 
that the rat findings might have been the result of the technique 
required (repeated amputation of the tail), we hesitate to accept 
such an assumption as our findings were so uniform. Moreover, 
in man similar discrepancies have become apparent. Myerson, 
Loman and Dameshek” have observed a marked erythrocytosis 
after giving 40 mg. of benzedrine. On the other hand, Davidoff 
and Reifenstein,’? who gave 10 to 30 mg. of benzedrine, and Bradley* 
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and Donley,? who gave similar doses, were unable to detect a 
definite erythrocytosis; while Schube, Raskin and Campbell,” who 
gave humans daily doses of 10 mg. orally, found first a decrease, and 
later an increase in the hemoglobin, but no alteration in the number 
of erythrocytes. The discrepancies in man, to be sure, might partly 
be due to differences in the doses which were given, and in the periods 
which elapsed between application of the drug and the time the blood 
was taken. In our rats, however, this explanation does not apply, 
for as in our rabbits, monkeys and dogs all counts were taken 24 
hours after the last application of the drug. If in the rats 
this was really an erythrocytosis due to benzedrine, we would 
have to assume that this was a species difference and perhaps a 
redistribution rather than an increase in the total number of 
erythrocytes. It might be that the effect of the drug upon the 
blood reservoirs, such as the spleen, the mechanism which is 
held responsible for the increase of erythrocytes in the circulating 
blood after the application of benzedrine, lasted much longer 
in rats than in our larger laboratory animals. On the other hand, 
the anemia, when significant, may be taken as a true decrease in 
the total number of erythrocytes, due presumably to such factors 
as a toxic effect on the bone marrow and malnutrition. 

Comparing toxicity, our results are not incompatible with those 
found in man. As much as 5 to 6 mg. per kilo have been taken by 
man without causing death; while in our various animals, from 15 to 
200 mg. per kilo (with the exception of 2 monkeys) were required 
to cause death (Cp. Table 2). 

Concerning tolerance, ‘“‘accustoming” has been observed by Wilbur, 
MacLean and Allen® and Waud.* On the other hand, a greater 
susceptibility, as was observed during the first 2 weeks of our experi- 
ments, has apparently not been detected in man. However, it 
should be noted that greater susceptibility was observed by us only 
with sublethal doses, which in man have been given, if at all, only 
by Waud, who administered the drug only at intervals of a week. 

If we turn now to the greatest non-toxic dose, reports in the litera- 
ture indicate that unpleasant effects such as tremor, sweating, 
dryness of mouth or loss of weight have been observed with thera- 
peutic doses (up to 1 mg. per kilo). But harmful effects did not 
become apparent even with considerably larger doses (up to 5 to 
6 mg. per kilo), with the exception of perhaps 4 reported persons who 
took from 0.4 mg. per kilo to an undetermined amount of benzedrine. 
The latter, however, were all physically or mentally exhausted when 
they took the drug and therefore do not furnish unequivocal evi- 
dence as to the toxic character of the drug (see p. 788). 

It is obvious that the transient variations which have been 
observed, such as excitement, dilatation and paralysis of the pupils, 
loss of weight, and even temporary anemia and granulocytosis, can- 
not be regarded as harmful in the terms of this study. The only 
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observed change which could be accepted as harmful is the chronic 
alteration of the small blood vessels, which in dogs was definitely pres- 
ent after 5 mg. per kilo; less conspicuously after 2 mg.; and not at all 
after 1 mg. However, this change developed only if the experiments 
were continued over a long time; and from the nature of the lesion 
it appears to have been caused by a continuously repeated elevation 
in blood pressure. 

We may conclude, then, from the experiments as we have con- 
ducted them that, with the exception of cases of idiosyncrasy, 
small doses of benzedrine which do not raise the blood pressure are 
harmless even if given for a long time, and that even larger doses are 
harmless if not continued for too long a time, and if not given to 
patients which suffer from exhaustion or cardiovascular disease 
with hypertension. This view is strengthened by reports which 
indicate that with repeated doses the blood pressure effect gradually 
diminishes in man (Storz;* Reifenstein and Davidoff;'’ Bahnsen, 
Jacobsen and Thesleff*). “Small’’ doses amount in rabbits to 5 to 
10 mg. per kilo; in monkeys, below 2 to 5 mg. per kilo; and in dogs, 
to 1 to 2 mg. per kilo, while “larger doses” extend all the way up to 
sublethal doses, 7. e., to 2 to 5 mg. per kilo in young monkeys, and 
150 to 200 mg. per kilo in young rats. The corresponding human 
doses remain to be detected. This is probably best accomplished 
by direct observation of the blood pressure; though our experimental 
observations seem to indicate that control of body weight and blood 
picture may also be revealing. 

Summary. The functional and structural changes caused by con- 
tinued application of various doses of benzedrine sulphate were 
studied, and the lethal dose, the tolerance, and the greatest non- 
toxic dose were determined, in various species, and at different 
ages. The animals used included 71 guinea pigs, 50 rabbits, 9 
monkeys, 24 dogs, and 2 sheep. 

The functional changes were essentially the same as previously 
observed in rats,'° with the exception of the behavior of the erythro- 
cytes which did not increase in number. Instead, there developed 
a macrocytic anemia, the extent and the duration of which varied 
with the dose given. 

The structural changes, too, resembled those in rats. In addition, 
however, we observed venous stases, perivenous hemorrhages and 
toxic degeneration of nerve cells in the brain in animals which died 
from lethal doses; and, in dogs receiving 2 mg. per kilo or more for 
a long time, chronic vascular lesions in brain, spleen and kidneys 
resembling those in mild hypertension. 

The minimum lethal dose per kilo was found to be as follows: in 
young guinea pigs, 40 to 150 mg.; in adult guinea pigs, 50 to 100 mg.; 
in young and preadult rabbits, 50 mg.; in adult rabbits, 20 mg.; 
in young monkeys, 5 mg.; in adult monkeys, 20 to 25 mg.; in adult 
dogs, 20 mg.; and in adult sheep, 15 mg. per kilo. 

As to tolerance, we fpund an increase in susceptibility during the 
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first 2 weeks of the experiments in guinea pigs and rabbits (as in 
rats). Thereafter, the animals became accustomed to the drug. 
This was most striking in rabbits, monkeys and sheep, and less so 
in guinea pigs; in dogs, it was not determined. 

ry’ . . 

Ihe greatest non-toxic dose (7. e., a dose which does not induce 
important undesirable variations in function, or if continued over a 
long time, does not produce detectable lesions) was found to amount 
to 5 to 10 mg. per kilo in rabbits; to 2 to 5 mg. per kilo in monkeys; 
and to | to 2 mg. per kilo in dogs. 

Conclusions. In our most susceptible animals, the minimum 
lethal dose of benzedrine sulphate was found to be about 5 mg. per 
kilo. From the scanty evidence available, the minimum lethal dose 
in man is probably not below this level, though it may well vary 
considerably, as in our monkeys, with the nervous constitution of 
the individual. In more resistant species the minimum lethal dose 
rises to 100 to 150 mg. per kilo. 

Continued administration of benzedrine leads first to a greater 
susceptibility and thereafter to increased tolerance. The initial 
increase in susceptibility, however, is of practical importance only 
if large doses are applied. 

Study of the maximum non-toxic dose showed that the lowest 
obtained was | to 2 mg. per kilo. Though the maximum non-toxic 
human dose still remains to be detected, it appears to be safe to 
conclude that small doses of benzedrine which do not raise the 
blood pressure, or which do not produce loss in weight, anemia, 
or granulocytosis, should be harmless even if given for a long time; 
and that larger doses should also be harmless, if not c.ntinued for 
too long a time, or given to patients suffering from severe exhaustion 
or cardiovascular disease with hypertension. : 
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ANEMIA INDUCED IN RATS BY MEANS OF SULPHANILAMIDE. 


By Tuomas FE. M.D.,* 
FELLOW IN EXPERIMENTAL PHYSIOLOGY, 
AND 
GeorGE M. Pu.D., 
DIVISION OF EXPERIMENTAL MEDICINE, THE MAYO FOUNDATION, 
ROCHESTER, MINN. 

THE purpose of this paper is to present the details of a type of 
anemia® which has been observed in rats subsequent to the adminis- 
tration of sulphanilamide (para-aminobenzene sulphonamide). Toxic 
symptoms observed and significant gross pathologic findings will 
be described. 

In October, 1937, Hageman‘ reported the finding of splenic hemo- 
siderosis in mice to which sulphanilamide had been administered. 
Although he made no blood counts, he attributed the deposits of 
hemosiderin to destruction of erythrocytes in the peripheral blood. 

In October, 1937, Finklestone-Sayliss, Paine and Patrick? found 
little or no change in the erythrocyte or reticulocyte levels of rabbits 
to which a daily dose of 1.2 gm. of sulphanilamide was administered 
over a period of 6 weeks. However, crises, during which the leuko- 
cyte count increased, were observed, the increase being due to 
neutrophils; these crises were associated with the appearance of 
abnormal and nucleated erythrocytes in the peripheral blood. 

In April, 1938, Wien" reported the finding of lower erythrocyte 
and hemoglobin levels in 3 rats receiving 1.5 gm. of sulphanilamide 
per kg. of body weight than in control animals. He found no similar 
depression in 2 rats which received 0.5 gm. per kg. of body weight. 
No evidence of anemia was found in 2 cats and 1 dog which received 
1 gm. of sulphanilamide daily over a period of 7 days. 

In April, 1938, Rimington and Hemmings!” reported the finding 
of an increased excretion of urinary and fecal porphyrin in rats 
receiving daily doses of sulphanilamide. The doses were 0.4, 1.39 
and 1.5 gm. per kg. of body weight and were administered over a 
period of a month. At necropsy, deposits of iron containing granules 
were found in the liver and spleen. 

In May, 1938, Davis, Harris and Schmeisser! reported the finding 
of a definite reduction in the number of erythrocytes and in the 
amount of hemoglobin together with a slight leukocytosis in rats 
which received daily subcutaneous doses of sulphanilamide. The 
doses used were 0.5, 1, 1.5 and 2 gm. per kg. of body weight and the 
administration was continued over prolonged periods. 


Method. In the experiments to be reported here sulphanilamide was 
administered daily by means of stomach tube to adult male white albino 
rats of the Wistar strain; average weight of the animals was 300 gm. The 
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doses used were 0.25 gm. (6 rats), 0.5 gm. (6 rats), 1 gm. (18 rats) and 
2 gm. (24 rats) per kg. of body weight. The drug was administered in the 
form of a powdered suspension in tap water in single doses, each dose being 
contained in 6 cc. of the suspension. The duration of administration varied 
from 10 days to 2 months in the various experiments. 

Charts of daily food and water intake and weight were kept on the 
animals in groups of threes. Urinary output was measured on animals 
isolated in individual metabolism cages. No attempts were made to expose 
animals to sunlight or to protect them from it. 

Data will be presented on erythrocyte, reticulocyte, leukocyte, platelet 
and hemoglobin levels, differential leukocyte counts, volume of packed 
erythrocytes, mean corpuscular volume, and linear dimensions of the 
erythrocytes. 

Blood was obtained by ear puncture; standard methods were used for 
determining total erythrocyte, reticulocyte and leukocyte counts. Powdered 
heparin was used as an anticoagulant for the samples of blood drawn into 
hematocrit tubes. Hemoglobin was estimated in percentage by the New- 
comer® method (1006, = 16.92 gm.). The linear dimensions of the erythro- 
cytes were determined by photographing the cells of the stained smear on 
sensitized paper and measuring the diameter of non-distorted cells by means 
of a micron scale. The average diameter was computed from the measure- 
ment of 100 cells in each smear. Platelets were counted in a counting 
chamber using 0.3°; sodium citrate as the diluent. 


Results. Details of the Blood Picture. The details of the blood 
picture will best be presented as observed in a group of 6 animals 
which received 1 gm. of sulphanilamide daily over a period of 22 


days. 

During the first 10 days, there occurred a progressive decrease in 
the total erythrocyte count and hemoglobin percentage as well as 
in the percentage of packed erythrocytes, while the mean corpuscu- 
lar volume, red cell diameter and percentage of circulating reticulo- 
cytes increased (Fig. 1). During the remaining 21 days, although 
the same general trend persisted, its degree was lessened. This 
lessening of the degree of anemia appeared concomitantly with 
about 100% increase in daily water intake (Fig. 2). The apparently 
lessened toxic effect on the erythrocyte level might be explained on 
the basis of an increased elimination of the drug due to an increased 
fluid intake and urinary output. During this period the animals 
manifested evidence of marked thirst. 

The color index increased from 0.78 during the control period to 
0.92 at the end of the experiment. After a slight drop on the third 
day, the total leukocyte count increased, reaching its highest level 
on the tenth day, then gradually decreased toward control levels. 
The curve of the total number of lymphocytes followed the curve 
of the total leukocyte count fairly closely except from the third to 
the tenth days. At this time the total numbers of neutrophils 
and immature forms were increased (Fig. 3). During the time at 
which the total leukocyte count was greatest the percentage of 
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lymphocytes was lowest and the percentages of neutrophils and 
immature forms were greatest. Platelets were counted in 6 animals 
receiving the same dose over a period of 6 weeks, and no significant 
change was observed (Table 1). 


TABLE 1.—RELATION OF DOSAGE TO THE DEGREE OF ERYTHROCYTE DEPRESSION. 


Period of Erythrocytes in millions per ¢.mm. 


administration Platelets per c.mm, 


in weeks. 0.25 gm. per kg. 0.50 gm. per kg. 1 gm. per kg. 1 gm. per kg. 
Control « «< 10.05 9.82 823,120 
1 9.38 8.70 750,000 
2 oe. 8.70 7.35 830,000 
4 9 66 8 65 6.48 730,000 
6 9.85 8.35 6.04 795,000 
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Fic. 1.—Trend in the erythroid components of the peripheral blood in a group of 
6 rats which received 1 gm. of sulphanilamide per kg. of body weight daily for 3 
weeks (average dose = 0.33 gm.). 


Effect of Varying Size of Dose Administered. In order to deter- 
mine any possible relationship between size of dose and degree of 
depression of the erythrocyte count, the drug was administered 
daily in 4 different dosages to four different groups of animals com- 
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posed of 6 animals each. These dosages were 0.25 gm., 0.5 gm., 
1 gm., and 2 gm. per kg. of body weight respectively. At the 
end of 10 days the percentage drop from control erythrocyte levels 
in the four groups was 2.9%, 10.2%, 36.1% and 42.2%, according to 
increasing dosage (Fig. 4). Administration of the 3 smaller dosages 
daily over a period of 6 weeks revealed the same trend in level of 
the erythrocytes, the smallest dosage (0.25 gm. per kg.) having the 
least, if at all, significant depressant effect. At the end of 6 weeks 
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Fic. 2.—Increase in daily consumption of water which occurred simultaneously 
with a lessening of the degree of the severity of the anemia. No significant change 
occurred in food intake or body weight (average daily dose = 0.33 gm.). 


% and 


the percentage drop from control levels was 3.9%, 16.9 
38.5% respectively (Table 1). 

Recovery From the Anemia. In order to determine whether or not 
recovery from the anemia and from toxic symptoms was possible 
following cessation of the administration of sulphanilamide, the 
drug was administered daily to a group of 12 rats for a period of 
10 days. The dose used was 2 gm. per kg. of body weight. The 
erythrocyte count dropped rapidly and was accompanied by similar 


& 
aoa 


Body weight 


Food /ntake 


7 : 
/ Water \ 
V 


SOS MACHELLA, HIGGINS: 


trends in the various erythroid components as was observed in the 
group which received doses of 1 gm. per kg. of body weight and as 
depicted in Figure 1. The erythrocyte level was lowest on the 
twelfth day, 2 days after discontinuing the drug. The continua- 
tion of the fall may be attributed to continued absorption of sulphan- 
ilamide still present in the distended stomachs of this group of rats 
(Fig. 5). A progressive macrocytosis, anisocytosis and a shift of 
the Price-Jones curve to the right developed as the anemia increased 
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Fic. 3.—Trend in the myeloid elements of the peripheral blood in a group of rats 
receiving 1 gm. of sulphanilamide per kg. daily for a period of 21 days (average dose 
= 0.33 gm.). 


(Fig. 6). Recovery from the anemia and from toxic symptoms, 
_including weight loss, occurred gradually and was completed about 
26 days after discontinuing the drug (Fig. 7). At this time the 

peak of the Price-Jones curve returned to where it had been during 

the control period (Fig. 6). 

Effect of a Second Course of Sulphanilamide After Recovery From 
the First Course. Two months after the completion of administra- 
tion of a curve of sulphanilamide and about 1 month after recovery 
from the anemia thereby induced had occurred (Fig. 5), a second 
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course of the drug was administered to 2 of the animals daily for a 
period of 14 days. The dose used in both instances was 2 gm. per kg. 
of body weight. A fall in the erythrocyte level again developed 
which was very similar to that observed during the previous course 
of administration. Return of the erythrocyte level to the pre- 
administration level was completed by the twenty-fifth day after 
the drug had been discontinued (‘Table 2). 


TaBLe 2.—ERryTHROCYTE LEVELS DuRING SECOND CoURSE OF ADMINISTRATION OF 
SULPHANILAMIDE. 
Erythrocytes 


Time in days. (mills. per c.mm.), 


2 10.0 

6.8 


Toxic Manifestations Observed. Various toxic manifestations were 
observed in the animals which received sulphanilamide. These 
were most marked and most consistently obtained in the group 
which received doses of 2 gm. per kg. of body weight. These toxic 
manifestations included cyanosis, distended stomachs, irritability, 
drowsiness, weakness of the hind legs, convulsions, thirst and loss 
of weight. 

Cyanosis was observed in all animals that received the 3 larger 
of the 4 dosages employed. This was manifested in the eye grounds, 
oral mucous membranes, tongue and feet. The blood of these 
animals had a peculiar violet-brown color, almost black. The onset 
of the cyanosis appeared to have no relation to the level of the 
erythrocyte count, some of the animals whose erythrocyte counts 
had as yet not fallen showing cyanosis. The appearance of the 
cyanosis occurred very early in the course of administration of the 
drug. Cyanosis has been reported in rats by Davis and his co- 
workers subsequent to the administration of sulphanilamide. 

Convulsions observed in rats, mice and cats***-” receiving sul- 
phanilamide have been fully described in the literature. In the 
experiments which are the subject of this paper, in 8 of 54 animals to 
which sulphanilamide in various dosages had been administered 
convulsions developed. These occurred during the first 2 to 5 days 
of the treatment and developed about 2 to 4 hours after the drug 
had been given that day. They were observed only in the groups 
receiving the 2 larger dosages. The convulsions were of two types. 
In 6 of the animals, during the convulsive episode the animal lay 
on its side in a semicomatose state; the spine was arched dorsally, 
the head was thrown back and all four limbs alternately extended 
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and flexed in circular fashion somewhat similar to the motion of 


one’s legs when propelling a bicycle. There was no significant rigidity 
of the limbs, which was in contrast to the type of convulsion ob- 
served in the remaining 2 animals. In the latter group, although 
the head was thrown back, the spine was arched ventrally and 
all four limbs were in rigid extension. There was a tendency 
on the part of the animal to attempt to rise into the air by tetanic 
spasms of the extremities. Two of the animals died during the 
convulsive seizures but the remainder recovered within 4 to 8 hours 
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Fic. 4.—Percentage drop in the erythrocyte count from control level in four groups 
of rats on varied dosages administered daily for a period of 10 days. 


after onset. In the group which recovered, convulsions did not 
recur despite the continued administration of the drug. 

In most of the 24 animals to which the largest dose (2 gm. per kg.) 
of the drug was administered, huge abdominal masses gradually 
developed. These turned out to be stomachs distended with food 
and some retained sulphanilamide (Fig. 8). In 4 of 18 animals 
which received 1 gm. per kg. of body weight distended stomachs 
also deve: ped. The distention in the latter group disappeared 
during the course of subsequent administration of the drug. 
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Loss of weight occurred only in the groups which received the 
largest dose. The animals regained this weight when administration 
of the drug was discontinued (Fig. 7). The loss of weight may be 
in large part attributed to the toxic, apathetic and helpless state of 
these animals and was accompanied by a concomitant decrease in 
food intake. No loss of weight was observed in the animals which 
received the 3 smaller dosages (Fig. 2). 
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Fic. 5.—Trend of events in the erythroid elements of the peripheral blood in a 
group of 12 rats during the administration of drug daily for a period of 10 days and 
during recovery following cessation of administration. Dose = 2.0 gm. per kg. of 
body weight (average dose = 0.66 gm.). 


During the course of administration of the doses of | gm. per kg., 
a marked thirst was observed to develop in the animals. In some 
of the groups a 100% increase in daily intake of water occurred 
during this period (Fig. 2) and was accompanied by a similar increase 
in the total volume of urine excreted. A similar occurrence was 
noted in one other of three groups studied on the same dosage. 

In many of the animals a change in character of the stools devel- 
oped. The stool, instead of being well formed and _ practically 
odorless, became semisolid and a strong pungent odor not unlike 
that of hydrogen sulphide developed. 
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Fic. 6.—Price-Jones curves plotted during the control period, during the depres- 


sion of the erythrocyte count and after recovery had occurred (32d day). The 
curve for the 12th day illustrates the anisocytosis and macrocytosis observed. Dose 
= 2.0 gm. per kg. of body weight. 
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Fic. 7.—Trend in body weight and erythrocyte count during the development of 
anemia and recovery from it (2.0 gm. of sulphanilamide per kg. of body weight admin- 
istered daily during the first 10 days). 


0 105 Fic. 8.--Stomach distended with food (upper) removed from animal that had per 
received a daily dose of 2.0 gm. of sulphanilamide per kg. of body weight for 10 days. + 
Lower stomach removed from control animal of same body weight. Both animals 
examined at necropsy at same time with respect to feeding. 


Fic. 9.—Liver on the right is from an animal which had received daily dose of 
0.33 gm. of sulphanilamide over a period of 7 weeks. Body weight at necropsy was 
290 gm., liver weight 13.675 gm. Liver on the left is from a control animal whose 
body weight was 300 gm., the weight of the liver was 9.475 gm. Note exaggerated 
lobular pattern in liver on the right. 


3 Fic. 10.—Spleens of animals whose livers are shown in Figure 9, The upper spleen 
weighed 5.140 gm., the lower spleen (from control animal) weighed 0.950 gm. 
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Clinical jaundice was not detected in these animals. Bilirubin 
was not found in the urine. Urobilin was found to be present in 
the urine but, since it was also found in the urine of control animals, 
it was rather difficult to evaluate this finding in view of the difficul- 
ties encountered in attempting to obtain samples of urine which 
had not been in contact with the feces of the animal. Epistaxis 
was not observed in any of these animals as was noted in the animals 
observed by Davis, Harris and Schmeisser. 

Necropsy Findings. Animals were submitted to necropsy at 
regular intervals. Light etherization followed by decapitation was 
used as the method of preparing all animals, including controls, for 
necropsy. 

Differences were observed in the necropsy findings between the 
groups which received the less and more toxic doses of sulphanil- 
amide. Cyanosis and dark discoloration of vascular organs such 
as liver, spleen and kidneys were observed in all animals receiving 
the 3 larger doses. Enlarged lymph nodes, particularly in the 
splenic mesentery, were frequently observed. 

In the group of rats which had received doses of 1 gm. per kg. 
of body weight, there was hepatomegaly and splenomegaly. The 
livers were firm, and had sharp edges and a smooth surface; fre- 
quently the lobular pattern was very noticeable: (Fig. 9). The 
spleens were jet black in color and firm in consistency (Fig. 10). 
The degree of enlargement of the liver and spleen appeared to bear 
a direct relationship to the duration of the period of administration 
of the drug and to the degree of anemia at the time of necropsy 
(Table 3). In this group of animals fat was distributed in the 
abdominal depots in normal amounts. 


TABLE 3.—RELATION OF DURATION OF ADMINISTRATION OF SULPHANILAMIDE AND 
DEGREE OF ANEMIA DEVELOPED TO THE WEIGHT OF LIVER AND SPLEEN. 


Period of Per cent reduc- 
adminis- Weight in grams. tion in erythro- 
Rat tration ——_————-- cytes from con- 
No. (wks.). Body. Liver. Spleen. trol level. 
8SA_. 254 8.69 1.15 3.0 
268 9.40 2.57 17.0 
Soe 250 9.18 1.40 11.0 
er 360 18.25 3.08 43.0 
318 13.82 3.57 37.0 
20SA .. 305 12.27 2.09 24.0 
290 10.90 1.67 34.0 
5SA_. 302 15.70 3.22 72.0 
468A 3 274 12.43 1.52 28.0 
310 10.92 3.00 39.0 
276 13.90 3.35 27.0 
28R 7 290 13.67 5.14 55.0 
278 13.12 4.77 32.0 
298 9.60 1.14 


* Fourteen normal rats were necropsied as controls. Body weight ranged from 
250 to 335 gm., average 298 gm. The liver weight varied from 8.100 to 10.400 gm., 
average 9.600; the weight of the spleen varied from 0.775 to 1.450 gm., average = 
1.140 gm. 
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In the group which had received doses of 2 gm. per kg., the 
animals exhibited loss of weight and disappearance of fat from the 
abdominal depots. The stomachs were distended with food. All 
of these distended stomachs contained sulphanilamide retained 
from the administration of 24 hours before. There was frequently 
some dark blood on the surface of the antral mucosa; however, no 
gross blood could be detected in the small or large intestine. The 
femoral bone marrow in the experimental animals was hyperplastic. 

A detailed report of the microscopic findings in the various organs 
and bone marrow will be published separately: in general, the 
microscopic findings are somewhat in accord with those reported 
in rats by Davis, Harris and Schmeisser. 

Comment. Anemia can be produced in rats by the administration 
of sulphanilamide in adequate doses. Though the features of the 
peripheral blood of these anemic animals have a great deal in 
common with those in the acute hemolytic anemias reported clini- 
cally?" which develop with an almost allergic-like suddenness, 
the anemia reported here, in its course, is one of the type referred 
to as occurring clinically in patients after prolonged administration 
of sulphanilamide,’ or in patients to whom the drug was adminis- 
tered and who had evidence of impairment of renal function." In 
the anemia induced in these rats, evidences in the peripheral blood 
are clean-cut for the fact that the bone marrow is not suppressed. 
Although it is strongly suspected that a hemolytic anemia was pro- 
duced, the observations reported here cannot establish the suspicion 
definitely. Estimations of serum bilirubin have not been made. 
In view of the difficulties encountered in attempting to obtain 
samples of urine which had not come in contact with feces, the 
finding of urobilin in the urine of the control animals vitiates the 
significance of this finding in the experimental animals. 

Conclusions. 1. Anemia can be induced in rats by the administra- 
tion of sulphanilamide. 

2. The degree of anemia depends on the dose used and the dura- 
tion of administration. 

3. The anemia is accompanied by evidences of stimulation of bone 
marrow, that is, reticulocytosis, macrocytosis, anisocytosis and 
leukocytosis. 

4. No change in level of platelets has been detected. 

5. Complete recovery from the anemia is possible following ces- 
sation of administration of the drug. 

6. A second course of sulphanilamide will reproduce the anemia. 

7. The drug is capable of producing toxic symptoms in rats, the 
symptoms depending on the dose employed. Symptoms include 
cyanosis, loss of weight, thirst, gastric distention, drowsiness, irri- 
tability and convulsions. 

8. The anemia, when induced by moderately toxic doses, is asso- 
ciated with a significant hepatomegaly and splenomegaly. 


The authors are indebted to Dr. Alfred Uihlein for the platelet counts cited. 
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EPINEPHRINE IN OIL. 


Its EFFECTIVENESS IN THE SYMPTOMATIC TREATMENT 
OF BRONCHIAL ASTHMA. 


By Epmunp L. M.D., 


INSTRUCTOR IN MEDICINE, JOHNS HOPKINS UNIVERSITY, 
BALTIMORE, MD. 


(From the Protein Clinic, Department of Medicine, Johns Hopkins Medical School 
and Hospital.) 

RECENTLY? a suspension of powdered epinephrine in peanut oil 
was introduced as a slowly absorbed preparation of epinephrine. 
This suspension was so prepared that | cc. of oil contained 2 mg. of 
epinephrine. In an attempt to prove prolonged effectiveness for 
the epinephrine in oil it was administered to patients with chronic 
bronchial asthma, who had been taking for a period of months to 
years frequent daily injections or inhalations of epinephrine hydro- 
chloride. With fewer injections of epinephrine in oil, these same 
patients had fewer attacks of asthma. The comparative effective- 
ness of epinephrine hydrochloride and epinephrine in oil was studied 
in patients with acute bronchial asthma, urticaria, and serum 
disease. In a similar manner, observations were made on the 
hyperglycemic and cardiovascular response. As the result of such 
studies, it was possible to conclude that a suspension of epinephrine 
in oil was slowly absorbed and possessed prolonged effectiveness. 
The remarkably good results cbtained with epinephrine in oil 
coupled with the knowledge of its place in the medical armamen- 
tarium acted as stimulants for further study. 

A change has been made in the technique of administration. It 
was formerly suggested? that dry sterilized syringes and needles 
should be used. The purpose of this was to conserve material put 
up in multiple dose packages by preventing contamination, and, 
therefore, oxidation of the epinephrine by water introduced from a 
syringe that had been sterilized by boiling. The epinephrine in oil 
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is now prepared in | ec. ampoules and the annoying technique of dry 
sterilizing may be abandoned. Epinephrine in oil is not harmed by 
the meager and transient contact with water in a syringe that has 
been boiled. 

From the time studies were first begun until the present date, 
epinephrine in oil, accompanied by directions for its use and ad- 
ministration, was sent to interested physicians with the provisions 
that unbiased and accurate observations were to be made and sub- 
mitted for compilation. The value of such multifarious data is 
inestimable. ‘Therefore, the purpose of this report is to present 
further observations of my own along with those of other physicians on 
the effectiveness of epinephrine in oil in the symptomatic treatment 
of chronic and acute bronchial asthma. The data in this report were 
obtained by using epinephrine in oil that I and some of the pharma- 
ceutical houses prepared. All the material was made identically 
and was equally effective. 

Observations on Chronic Bronchial Asthma. ‘lhe effectiveness of 
epinephrine in oil was studied on 11 patients with chronic bronchial 
asthma who had been taking injections or inhalations of epinephrine 
hydrochloride every | to 5 hours for a period of 2 months to 2 years. 
Of the 11 patients 7 were females and 4 were males. Their ages 
ranged from 31 to 78 years. It is important to emphasize that each 
patient received definite relief of symptoms, even though for short 
periods, from epinephrine hydrochloride. There is a small group of 
patients with chronic asthmatic symptoms who are not relieved by 
epinephrine hydrochloride and they, also, fail to respond to epine- 
phrine in oil. This group of patients will not receive further con- 
sideration. 

Three of the 11 patients were sick enough to be hospitalized. 
The 8 remaining patients were treated in my private office or in the 
out-patient department of the Johns Hopkins Hospital. The general 
scheme of treatment was identical for each patient. 

Tolerance to epinephrine varies in different individuals and for 
this reason the first dose of epinephrine in oil was chosen cautiously. 
One cubic centimeter proved to be a safe initial dose for patients 
who were accustomed to frequent daily injections of epinephrine 
hydrochloride. Subsequently, the dose was either increased or 
decreased depending upon the response of each patient. Former 
studies? revealed that epinephrine in oil was effective for periods of 
7 to 18 hours. 

A total of 405 injections of epinephrine in oil were administered 
to the 11 patients. The number of consecutive injections adminis- 
tered to each patient ranged from 4 to 108. The dose of epinephrine 
in oil varied from 0.5 cc. to 1.25 cc. depending upon the individual 
requirements of each patient. The interval of freedom from asthma 
following one injection of epinephrine in oil ranged from 3 to 24 


hours (Chart 1). 
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All the patients received injections regularly every night with the 
hope of preventing asthma long enough to permit adequate sleep 
and rest. If the patients were having asthma at the time when 
epinephrine in oil was to be administered, they were given before- 
hand an injection of epinephrine hydrochloride to give immedi- 
ately relief of symptoms. Six of the patients did well with single 
evening injections and consequently their days became more com- 
fortable. Four patients, however, continued to have their usual 
number of daily attacks and they were given an additional injection 


of epinephrine in oil in the mornings. One patient received a morn- 
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Cuart 1.—Patients with chronic bronchial asthma. The dose of epinephrine in oil 
varied from 0.5 ec. to 1.5 ce. 


ing, noon, and evening administration. Thus, it was possible, by 
beginning with a safe dose at a set time, by determining the effective- 
ness of the dose, by increasing or decreasing it according to the 
patient's response, and by supplying additional injections if neces- 
sary, to keep the majority of patients asymptomatic for long periods 
and eventually break up a vicious cycle of asthma which had existed 
for months. 

There were few reactions to the oil. The 5 patients who had no 
local reactions at the sites of the injection had received 108, 48, 41, 
18, and 8 consecutive administrations, respectively. Each of the 
remaining 6 patients complained of slight soreness at the sites of 
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injection for 12 to 24 hours. One of these 6 patients occasionally 
developed an area of localized redness and induration which per- 
sisted for 2 to 3 days. The incidence of local reactions decreased 
to a point of insignificance as soon as the material prepared by the 
pharmaceutical houses was made available. The injections were 
made either subcutaneously in the upper arm, or intramuscularly 
in the deltoid or gluteal muscles. 

Only 1 serious reaction, referable to the epinephrine and mani- 
fested by the symptoms of shock, occurred from the 405 injections 
administered to the 11 patients. Subsequently, it became evident 
that the physician who had given the epinephrine in oil had made 
the injection through an 18-gauge needle. It is likely that small 
vessels were torn allowing the rapid absorption of the epinephrine. 
Large-gauge needles are conducive to rapid administration and it is 
logical to believe that the rapid introduction of an oily injectant 
might rupture small blood-vessels and thereby permit its rapid 
absorption. When epinephrine in oil therapy is indicated it is 
advisable to administer the material through a 23- or 25-gauge 
hypodermic needle. 

Nine physicians submitted data on 10 patients with chronic 
bronchial asthma who had been taking frequent daily injections or 
inhalations of epinephrine hydrochloride for periods of 2 months 
to4 years. Six of the patients were males and 4 were females. They 
ranged in age from 19 to 71 years. 

Data on 7 of the patients included the exact number of consecu- 
tive injections of epinephrine in oil that each had received. The 7 
patients received a total of 329 injections. The number of injections 
per patient ranged from 6 to 120. The dose of epinephrine in oil 
varied from 0.75 ce. to 1.5 cc. but 1 cc. was the usual dose. The 
interval of relief from symptoms following each administration of 
epinephrine in oil ranged from 4 to 20 hours, depending upon the 
severity of the asthma at the time the injection was given (Chart 1). 
Thus, the results obtained by these physicians are in accord with 
my own observations. 

No mention was made by any of the physicians of reactions at the 
sites of injection and only on 2 occasions was attention called to 
minor side reactions referable to the epinephrine. 

Observations on Acute Bronchial Asthma. ‘The effectiveness of 
epinephrine in oil was studied during 1 or more acute paroxysms 
of asthma in 22 patients. The group consisted of 11 females and 11 
males ranging in age from 6 to 49 years. The treatments with 
epinephrine in oil were administered in the out-patient department, 
on the public and private wards of the Johns Hopkins Hospital, 
in the patients’ homes and in the author’s private office. All the 
patients had been adequately studied and with the exception of a 
few all had been and were receiving specific desensitization therapy. 
The patients were asymptomatic most of the time, but occasionally 
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there was recurrence of asthma which could be traced to the onset 
of an upper respiratory infection or to the exposure to a specific 
pollen or inhalant to which they were sensitive. 

One hundred and nine injections of epinephrine in oil were ad- 
ministered to the 22 patients during 40 different attacks of asthma. 
It was not always possible to compare the effectiveness of’ epi- 
nephrine in oil with that of epinephrine hydrochloride in the same 
attack of asthma. However, many of the patients had taken or had 
received epinephrine hydrochloride by inhalation or injection before 
epinephrine in oil was administered and were able to give an accurate 
account of the length of effectiveness of each preparation. In other 
patients it was possible to compare the effectiveness of epinephrine 
in oil with the effectiveness of other therapeutic measures in previous 
similar attacks. In general, the effect of epinephrine hydrochloride 
by injection or inhalation in the same attack or in previous similar 
attacks was apparent for only | to 4 hours. All the attacks were so 
severe that no beneficial response was obtained from adequate doses 
of ephedrine sulphate. 

The dose of epinephrine in oil for each patient varied from 0.5 ce. 
to 1.5 cc. depending on the severity of the attack and on the age of 
the patient. In adults 1 ce. has been suggested? as an average 
dose for moderately severe asthma. This amount may either be 
increased or decreased depending upon the individual need of each 
patient. The dose for a child is naturally smaller. Usually, one- 
half to two-thirds of the calculated dose for an adult is safe and 
sufficient for a child between the ages of 5 to 14 vears. 

Inasmuch as epinephrine in oil is slowly absorbed, its effectiveness 
is delayed for a period of 15 to 30 minutes after its administration. 
Therefore, in 16 of the patients with moderately severe or severe 
asthma an injection of epinephrine hydrochloride was administered 
prior to that of epinephrine in oil to give immediately relief of symp- 
toms. In a few patients several injections of epinephrine hydro- 
chloride administered at 15-minute intervals, were necessary. Epi- 
nephrine in oil, because of its prolonged action, seemed to prevent 
the recurrence of asthmatic attacks and the results thus obtained 
were gratifying when compared to those of previous similar attacks 
where frequent injections of epinephrine hydrochloride had been 
necessary and where sleep had been interrupted because of recurring 
paroxysms of asthma. An injection of epinephrine in oil, alone, 
produced very good results in 6 patients with mild attacks of asthma. 
A single injection of epinephrine hydrochloride might have been 
equally as effective. 

In 22 attacks of asthma the interval of freedom following the use 
of a combination of epinephrine hydrochloride and epinephrine in 
oil, or epinephrine in oil alone, varied from 6 to 24 hours (Chart 2). 
Eighteen of the 40 attacks were aborted with one injection. The 
length of effectiveness of the epinephrine in oil paralleled inversely 
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the severity of the asthma. In other words, when the asthma was 
severe the period of effectiveness for the epinephrine in oil was 
shorter. It was necessary to give morning and evening injections 
of epinephrine in oil to patients with persistent asthma. Only 
| patient failed to receive prolonged relief from adequate doses of 
epinephrine in oil. 

Side reactions referable to epinephrine, such as nervousness or 
tachycardia, or both, were noted in 4 patients on 7 different occa- 
sions. These symptoms usually appeared 30 minutes after each 
injection and lasted for | to 2 hours. 
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Cuart 2.—Patients with acute bronchial asthma. The dose of epinephrine in oil 
varied from 0.5 cc. to 2 ce. 


The injections were made subcutaneously in the upper arm or 
intramuscularly in the deltoid muscle. Six of the patients stated 
that the sites of injection remained tender for 1 or 2 days. This 
information, however, was obtained only by questioning the pa- 
tients. One patient having received 2 injections without a local 
reaction, developed massive edema of the upper arm 24 hours fol- 
lowing the third injection. It is likely that sensitization to peanut 
oil had developed. A skin test to the peanut extract was negative 
and there was no history suggesting peanut sensitivity. 

Fourteen physicians reported on the treatment of 27 patients 
during 37 attacks of asthma. The group of patients consisted of 14 
females and 13 males ranging in age from 17 to 63 years. Treat- 
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ment with epinephrine in oil was carried out in hospitals, in the 
patients’ homes and in the private offices of the various physicians. 

Twenty-two of the patients had been receiving epinephrine hydro- 
chloride by injection or inhalation at frequent daily intervals for 
varying periods before the epinephrine in oil therapy was begun. 
No mention was made of the previous symptomatic therapy in 4 
patients. One patient had been receiving several capsules of a 
proprietary medicine daily. 

One hundred and twenty-four injections of epinephrine in oil 
were administered to the 27 patients. The dose of epinephrine in 
oil varied from 0.5 ce. to 2 ce. A dose of 1 ce. was most fre- 
quently employed. In 31 of the attacks the interval of freedom from 
asthma following the use of a combination of epinephrine hydro- 
chloride and epinephrine in oil, or epinephrine in oil alone, ranged 
from 4 to 24 hours (Chart 2). Six of the 37 attacks were aborted. 
The results, therefore, were similar to my own. 

Side reactions referable to epinephrine such as nervousness and 
tachycardia occurred only 4 times and only once was there mention 
of a local reaction at the site of injection. 

Comment. Epinephrine hydrochloride is an effective therapeutic 
agent in treating symptomatically many allergic diseases. How- 
ever, because it is rapidly absorbed, its effectiveness is evanescent. 
Since the isolation of epinephrine by Abel' many investigators have 
attempted to produce compounds with more prolonged activity 
by modifying the structure of the original epinephrine molecule. 
But the small size and lability of the molecule have prevented the 
accomplishment of such a goal. Epinephrine is insoluble in oil and 
for this reason, the physiologic activity and the integrity of its 
molecule are unaltered in such a vehicle. Recently?* it has been 
demonstrated that a suspension of powdered epinephrine in peanut 
oil, so prepared that 1 cc. of oil contains 2 mg. of epinephrine, is a 
slowly absorbed preparation of epinephrine that exhibits its activity 
over a long period of time. The addition of a slowly absorbed 
preparation of epinephrine to the medical armamentarium satisfies 
a need that has been apparent for many vears. 

Epinephrine in oil is now available to the medical profession in 1 cc. 
ampoules. As the powdered epinephrine is suspended in oil, the 
ampoules must be well shaken before the material is withdrawn. 
Epinephrine in oil may be injected subcutaneously in the upper arm, 
but if repeated consecutive administrations are to be made over a 
long period of time, it should be given intramuscularly in the 
deltoid or gluteal muscles. 

Local reactions referable to the oil have been infrequent. Occa- 
sionally there have been complaints of slight soreness at the sites of 
injection. This type of reaction, which was insignificant as far as 
the patient was concerned, was probably produced by the fatty 
acids present in the oil. 

There is no scientific proof that patients who are sensitive to 
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peanuts are in turn sensitive to peanut oil. Nevertheless, care 
should be exercised in administering epinephrine in oil to a patient 
that is known clinically to be sensitive to peanuts. It is not unlikely 
that sensitization to the oil itself might develop, but of the many 
patients treated and of the many injections made by myself and 
other physicians, only one reaction that might be so classified, has 
occurred. 

The majority of the patients did not experience side reactions 
referable to the epinephrine. When nervousness and tachycardia 
appeared the ensuing dose was decreased to prevent the occurrence 
of such symptoms. One serious reaction for which there was ade- 
quate explanation occurred. Untoward reactions due to the rapid 
absorption of epinephrine can be prevented by administering the 
material slowly through a 25-gauge or 25-gauge needle. 

Epinephrine in oil was administered to 21 patients with chronic 
bronchial asthma who had been taking frequent and regular injec- 
tions of epinephrine hydrochloride every night and every day for 
periods of many months or vears. With from 0.5 cc. to 1.5 ec. doses 
of epinephrine in oil, 20 of these same patients had fewer attacks of 
asthma and fewer injections. One patient failed to receive pro- 
longed relief from adequate doses of epinephrine in oil. By giving 
morning and evening injections, or at times, morning, noon, and 
evening injections, the patients remained for the most part asymp- 
tomatic and very often the vicious cycle of asthma which had per- 
sisted for months was temporarily terminated. In the sympto- 
matic treatment of severe chronic bronchial asthma, the dose and 
the time of the injection must be regulated to suit the individual 
need of each patient. 

Forty-nine patients were treated during | or more acute paroxysms 
of bronchial asthma and each patient received from 0.5 cc. to 
2 cc. of epinephrine in oil. Forty-eight patients remained free 
from asthma for 4 to 24 hours, but more generally for 12 hours. 
One patient received more satisfactory relief from epinephrine hydro- 
chloride than from epinephrine in oil. 

Because epinephrine in oil is slowly absorbed, its effect is not 
manifest until a period of 15 to 30 minutes has elapsed after its 
injection. Therefore, in the treatment of acute asthma an injec- 
tion of epinephrine hydrochloride (1—-1000) should be administered 
beforehand to relieve immediately the symptoms. In_ severe 
attacks of asthma several injections of epinephrine hydrochloride, 
administered at 15-minute intervals may be necessary to provide 
immediate relief. The results obtained by using a combination of 
epinephrine hydrochloride and epinephrine in oil have been remark- 
ably gratifying. Finally, it is important to emphasize that if the 
patient is not benefited by epinephrine hydrochloride there is no 
need to administer epinephrine in oil. 

Summary. Further studies are reported on the effectiveness of 
epinephrine in oil in the symptomatic treatment of chronic and acute 
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bronchial asthma. Reports of other physicians who have used 
epinephrine in oil in the treatment of chronic and acute bronchial 
asthma are compiled. 

Twenty patients with chronic bronchial asthma who had been 
taking frequent injections or inhalations of epinephrine hydro- 
chloride every day and every night for from 2 months to 4 years, 
received relief from asthmatic symptoms for from 3 to 24 hours 
with from 0.5 ec. to 1.5 cc. doses of epinephrine in oil. One patient 
received no prolonged effect from adequate doses. 

Forty-nine patients were treated during one or more acute 
paroxysms of asthma and each received from 0.5 ce. to 2 cc. of 
epinephrine in oil. Forty-eight patients remained free from asthma 
for 4 to 24 hours. One patient received more satisfactory relief 
from epinephrine hydrochloride than from epinephrine in oil. 

The injections of epinephrine in oil were made subcutaneously in 
the upper arm or intramuscularly in the deltoid or gluteal muscles. 
In all, 70 patients received 967 injections of epinephrine in oil. 
One severe reaction to the oil and one severe reaction referable to 
the epinephrine occurred. 

Ten of the 21 patients with chronic bronchial asthma and 27 of 
the 49 patients with acute bronchial asthma were treated by physi- 
cians other than the author. The results of these various physicians 
were in accord with my own observations. Furthermore, the results, 
herein entered, aptly uphold observations reported in earlier publi- 
cations on epinephrine in oil. 
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Il. FURTHER OBSERVATIONS ON TESTOSTERONE PROPIONATE 
IN ADULT HYPOGONADISM, AND PRELIMINARY REPORT 
ON THE IMPLANTATION OF TESTOSTERONE.* 


By Joun Eacer Howarp, M.D., 
ASSOCIATE IN MEDICINE, 
AND 
SAMUEL A. Vest, Jr., M.D., 
LALOR FELLOW, AND ASSOCIATE IN UROLOGY, JOHNS HOrKINS UNIVERSITY SCHOOL 
OF MEDICINE, BALTIMORE, MD. 
(From the Department of Medicine and the Brady Urological Institute, The Johns 
Hopkins University and Hospital.) 
Tue evaluation of any therapeutic agent must ultimately be 
based on clinical observation. The effects produced in experimental 
animals can rarely be translated absolutely into terms of clinical 
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response in man. The patient is therefore the final proving ground 
of a new drug, and clinical accomplishments the final yardstick 
whereby may be evaluated its effectiveness, indications, and contra- 
indications. 

Testosterone is a new chemotherapeutic agent, developed through 
the combined researches of biologists and chemists in several coun- 
tries, and now available for clinical use. A year ago we!® reviewed 
the literature up to date and reported our preliminary experience 
with the propionic acid ester of this compound in a small series of 
patients who suffered with hypogonadism. Therapeutic results at 
that time were very gratifying; and we concluded that, so far as our 
observations had gone, the drug seemed a complete substitution 
therapy for deficiency of the internal secretion of the testis. In that 
article we reviewed briefly also the long series of steps leading up to 
the final purification of testosterone, truly one of the greatest 
chapters in biochemical research. 

In this paper we wish to report further observations on the use of 
this material in our original hypogonad patients, most of whom have 
been on continuous therapy for nearly 2 vears; also the same uni- 
formly excellent therapeutic response in an additional group of 16 
adult hypogonad patients (some primary and some secondary hypo- 
gonadism), with a brief discussion of the present status of the drug 
and its future pussibilities. 

Hypogonadism is the result of deficiency of the internal secretion 
or secretions of the testis, and is manifested by varying degrees of 
developmental failure of the penis, scrotum, prostate, and seminal 
vesicles. There are other, sometimes striking, but less constant 
changes associated with testicular insufficiency, such as lack of 
development of body hair, failure of the voice to change, failure of 
the skin to attain adult appearance and texture. Depending on 
associated changes in other glands, heredity, age of onset of testicular 
deficiency and, perhaps, other unknown factors, there may be also 
obesity, overgrowth of the long bones with late closure of the epi- 
physes, lack of muscular development and strength, and genu 
valgum. There may be mental retardation, but more often there 
are marked secondary personality changes as a result of failure to 
develop normal physical attributes. All the characteristics of 
hypogonadism thus described may not be present in each individual, 
or to the same degree. In the diagnosis of hypogonadism the wide 
variation of normal limits must be recognized and appreciated. 
Usually textbooks state that puberty occurs between 11 and 13 
years of age, occasionally as late as the 17th year. In general this is 
true, but one not infrequently encounters the advent of normal 
puberty before 11 years, and we have observed spontaneous pu- 
bescence as late as 19 vears of age. Considerable further develop- 
ment of hirsuties has been noted in many males, even after the age of 
25, and we have observed in some untreated hypogonad patients 
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slight deepening of the voice, growth of the beard, and so forth, be- 
tween the ages of 20 and 30. Puberty and the normal variations of 
the foregoing attributes are, therefore, relative phenomena, and 
changes following treatment must be very critically evaluated. 

In general, we have employed the same method of study as out- 
lined in the previous publication,'® and have followed these patients 
objectively from both the general medical and the urological stand- 
points. At the same time we have attempted to evaluate as ac- 
curately as possible the subjective changes. We feel that in all 
these 22 patients the objective and subjective changes occurring 
during therapy were due to testosterone propionate and were not 
changes which might have occurred spontaneously. 

In the past vear reports have appeared from other clinics on series 
of hypogonad patients treated with injections of testosterone pro- 
pionate.*?® The results have been, in most respects, similar to 
ours. In most instances their patients have received more frequent 
injections of the material, though individual doses were of the same 
magnitude as received by our patients. 

Further experiences with the use of testosterone propionate in 16 
additional cases have not materially changed our original conclu- 
sions. In general, the following results have been observed from 
the use of testosterone propionate in typical cases of hypogonadism: 

Erections are markedly increased, sometimes as early as the second 
day after beginning treatment. During the first 4 to 8 weeks erec- 
tions may sometimes be so persistent and so firm, particularly in the 
morning, as to be painful; they occur frequently during the day. 
There is usually a diminution or leveling off of these excessive pain- 
ful erections, and thereafter erections occur only normally, ¢. e., 
in the morning or in response to the usual stimuli. Potentia has 
been developed in all patients who have attempted coitus, and many 
are sexually active for the first time in their lives. In all cases where 
there had been no ejaculation, this appeared subsequent to treat- 
ment. Nocturnal emissions have occurred in all cases, in most for 
the first time. In some patients, ejaculation has been accompanied 
by more pleasurable orgasm. The scrotum has enlarged and its 
skin, in most instances, has become more coarse, dark and redun- 
dant. Some patients have noted, soon after beginning treatment, 
a dragging sensation in the inguinal area, perineum and lower ab- 
domen, but such sensations have disappeared after the first few 
weeks of therapy. 

The penis has shown rapid enlargement in all diameters in most 
cases. We have accepted only the maximum extended length, 
measured from the peno-abdominal margin, for comparison, because 
of the inaccuracy of measurement of the flaccid penis, either in 
length or diameter. In some instances the penis is more than doubled 
in length. The amount of enlargement of this organ under therapy 
has apparently been dependent upon the development reached be- 
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fore the onset of hypogonadism. For example, in two instances in 
which hypogonadism began at about the age of 20, one from castra- 
tion and the other from destruction of the pituitary, the phallic 
size was normal, and there has been no appreciable change in the 
size of the penis under therapy, although growth of the atrophic 
prostate and vesicles occurred with the reéstablishment of complete 
potentia. The growth curve of the penis usually begins about the 
second week of therapy, the most rapid growth occurring during the 
first 4 months. Following this the rate of growth begins gradually 
to decline, and in the original patients who began treatment 2 vears 
ago the growth of the penis is now at a standstill, though body hair 
continues to develop and complete functional ability is maintained. 
Thus penile growth under this form of therapy really mimics penile 
growth of normal adolescence. 

The prostate and seminal vesicles have been stimulated to con- 
siderable growth in every case. ‘These structures are probably the 
most sensitive indicators of androgenic activity. Complete adult 
development of the prostate has not quite been reached in most of 
our cases thus far. In some instances the consistency of the prostate 
under therapy has become normal, while in other patients the lateral 
lobes have not been as thick in the antero-posterior diameter and 
have felt somewhat softer than normal. In general, there has been 
rapid increase in size of the prostate so early after beginning injec- 
tions that, to account for this, one might assume that one of the 
drug’s most dramatic effects is rapid increase in the vascularity of 
this organ. The maximum growth rate of the prostate and seminal 
vesicles seems to be reached much sooner than in the penis, after 
which their size seems stationary, without further development, 
under similar therapy. The growth of the prostate and seminal 
vesicles is usually proportionate, and when slight variations in the 
growth of the two are present, it has been our impression that the 
rate of growth and ultimate size of the vesicles has been slightly 
greater than that of the prostate. 

Prostatic massage has been carried out repeatedly in all patients 
and the resulting secretion studied microscopically. In all patients, 
prior to therapy, the secretion was either nil or extremely little and 
very thin. After therapy, in all instances, the prostatic secretion 
has not differed essentially from that of the normal adult. Some 
cases show abundant epithelial cells. In 2 patients after treatment 
the prostatic secretion appeared unusual, showing isolated and 
many conglomerate very large refractile globules. The amount of 
prostatic secretion seems to be in proportion to the palpable size of 
the gland. 

Observations on the testes and epididymes have been carefully 
carried out in an effort to estimate any changes in their size and 
consistence. We have noted no decrease in size of the testes under 
treatment, and at times gained the impression that slight increase 
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has occurred. Some testes have seemed to become firmer; in other 
rare instances softer in consistency. 

In many patients there has been immediate increase in body 
weight, but no consistent weight alterations have been noted. In 
some cases the weight gained during the first month of treatment 
has been lost subsequently. One patient has gained 21 pounds in 
the first 9 months of treatment. Some patients have shown no gain 
in weight whatever. Of 5 patients having obesity with hypogonad- 
ism, 2 showed a gain in weight while 1 did not change, 1 showed an 
actual small loss and the last showed an early gain of 15 pounds 
which was later lost. Gains in weight of 5 to 15 pounds were 
attained and held in all the non-obese patients. No dietary in- 
structions were given these patients, and, so far as they were aware, 
their dietary habits did not alter during the periods of observation. 

Change in the voice has occurred in those patients who had high- 
pitched, immature voices before beginning treatment. In other 
patients who had a more mature voice, there has been no change 
noted. The voice changes have occurred as early as the second 
week and as late as the third month after beginning therapy. 

Objective and subjective changes in the breasts have been 
observed in several instances. This has consisted of tingling and 
painful sensations in one or both breasts, accompanied by hyper- 
sensitivity of the nipples to clothing. Neither the patients nor we 
have noted evidences of secretion. In approximately half of the 
patients having subjective breast changes we have been able to 
palpate irregular firm areas under the areole. In every instance 
breast changes have disappeared after the first several months of 
therapy. 

There h.s been stimulation of the growth of hair in all patients. 
The rate of its growth depends somewhat on the amount of hair 
present before treatment is begun. The greatest growth has taken 
place in the pubic, scrotal and perineal regions. Pubic hair has 
proven a particularly sensitive indicator of effective therapy and 
has shown rapid and vigorous growth in all cases. Patients already 
having a small growth of hair over the lower abdomen have shown 
increased growth, with the male type of distribution. The site of 
the next greatest growth of hair is the axilla, then the lower legs, 
thighs and lastly the arms. In only 2 instances has there been 
marked increase in amount and stiffness of the beard; 1 of these 
patients was 39 vears of age and had been castrated 20 years before. 
The other patient had marked hypogonadism secondary to the 
destruction of the pituitary gland by a cyst. Many other patients 
have stated they could discern slight increase in the fuzz on their 
chins and upper lips and this has been substantiated by our ob- 
servations. 

Patients with hypogonadism, particularly those underweight, have 
been described as having a progeric appearance, with skin of fine 
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texture and with many wrinkles, particularly around the eyes and 
corners of the mouth. The skin also has usually a dead, pasty 
appearance. We believe there has been considerable change in the 
skin of these patients, and this has been corroborated by their 
friends. One such patient says that he has been repeatedly told 
that his skin has a more youthful and healthy appearance, with 
better color. There has been uniform increase in secretion by the 
sebaceous glands of all patients, usually well manifest at the end of 
the first month of therapy. Acne has appeared on the face in 50% 
of the patients and persisted for varying periods of time, but never 
to any severe degree. One patient stated that before treatment he 
used to freckle when exposed to the sun, whereas since treatment he 
obtains a normal sunburn. 

We have evidence to believe that added strength and energy with 
increased muscular development have accrued to several patients. 
This has varied from a marked degree in some to but slight increase 
in energy or drive in others. In every instance there has been most 
extraordinary improvement in the psychological outlook. They 
have acquired hope and become more cheerful, and each is highly 
desirous of continuing treatment. Especially interesting to us has 
been the psychological change in the little boy who was given the 
drug for other reasons than hypogonadism. In 1 year of therapy, 
10 mg. having been administered 3 times a week, signs of sexual 
maturation appeared rapidly, with enlargement of the phallus and 
prostate and slight growth of body hair. During this period he 
showed unusual strength for his size and could climb in and out of a 
high bed. He was belligerent and completely overpowered the 
other children of his age on the ward. During the past year, since 
treatment has been stopped, his belligerent attitude has disappeared, 
and he now tends to be overconciliatory, thoughtful, and almost 
mother-like in his relations to the other children. The phallic size 
has regressed somewhat so that its extended length is now 9 em., 
still larger than the average for his age. The scrotum is also larger 
and its corrugations are more prominent than those of other 6 year 
old boys. The prostate is no longer palpable, and no secretion is 
obtained from vigorous massage of this region. ‘Testes are 1 cm. in 
length, which is the same as other children of the same age that we 
have examined; but the patient’s testes are definitely smaller than 
they were at the end of his treatment. 

In several adult patients whose bone age as determined by 
Roentgen ray examination was greatly retarded as compared with 
their actual age, repeated Roentgen rays after a year’s therapy have 
not disclosed any stimulation to epiphyseal closure. McCullagh® 
made the same observation in his treated patients. However, in 
the 33-year-old boy just mentioned, the therapy over a year’s time 
greatly advanced the bone age as judged by the appearance of the 
centers of ossification. His bone age at the present time is esti- 
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mated to be approximately 10 years, whereas his actual age is 5}.* 
A similar observation was made by Webster" in his series of juvenile 
patients. 

Optimal and Maintenance Dosage. The effects above noted have 
been obtained with subcutaneous or intramuscular injections of 
testosterone propionate in sesame oil. The dosage used was, with 
rare exceptions, 25 mg. given twice weekly. This dosage was 
arrived at arbitrarily. Because of the oily nature of the material 
we felt it wise not to allow self administration of the drug, and twice 
weekly was the maximum frequency at which our early patients 
found it possible to come for injections. Smaller doses given at 
this interval, 7. e., 5 mg., 10 or 15 mg., proved to bring about 
unsatisfactory responses. ‘Twenty-five milligram doses brought 
about such satisfactory responses in our first patients that we have 
continued this dosage ever since, with the same happy results. 
Other investigators*® have treated patients with daily or almost 
daily injections of 25 mg. of the same material and obtained results 
essentially the same as ours. Since, in these similar groups of 
patients, 50 mg. a week given in two doses seems approximately as 
effective as 150 to 175 mg. given in divided doses, one gains the im- 
pression that there may be, by this method of administration, at 
least, a relative maximum effective dose beyond which little further 
result may be obtained. Since, with two doses per week, we were 
unable to obtain satisfactory effects with smaller doses than 25 mg., 
we feel the effective level to be somewhere in the neighborhood of 
40 or 50 mg. per week in the adult type of hypogonad patient. 
However, there must be individual variability and age doubtless 
plays a réle in the susceptibility to the hormone. As in other 
glandular deficiencies, the patient seems to be hypersensitive to the 
hormone he lacks, and we have interpreted in this wise the brief 
period of subjective over-stimulation noted in nearly all our hypo- 
gonad patients when first given testosterone propionate. Con- 
trarily, the doses injected into these patients and even larger and 
more frequent injections could not be differentiated by normal 
healthy men from injections of plain sesame oil, and so far as these 
normal observers could tell, they obtained no subjective stimulation 
in the sexual or any other sphere. Nevertheless, a gain in weight 
with water and sodium chloride retention occurred in these normal 
subjects, as it did in the normal patient reported by Thorn’ and the 
eunuchoid patients reported by Kenyon.’ Also, in patients with 
impotence of psychiatric origin we have observed no response to 
the injection of the drug in any way comparable to the responses 
observed in hypogonad patients.” 

Since the normal mechanism of the testis seems to be to extrude 
minute amounts of hormone at a fairly constant rate it seems likely 


* We are indebted to Dr. Lawson Wilkins for these bone age determinations. 
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that smaller doses than 50 mg. per week would be effective if given 
at much more frequent intervals. One of the patients in our series 
was so treated elsewhere before coming under our observation. He 
had been given daily injections of 5 mg. of testosterone propionate 
for slightly over 4 months, with effects which seemed to him almost 
as good as he later obtained from 25 mg. given twice weekly. We 
have thought that, theoretically at least, still smaller doses given 
3 or 4 times a day would more closely approximate the manner in 
which the testes normally secrete their hormones into the general 
circulation. Experience thus far has convinced us that with injec- 
tions of testosterone propionate given twice weekly it has been 
impossibie to reduce the dose and still maintain full effects. We 
have tried, without the patient’s knowledge, cutting the dosage to 
10 mg. twice weekly, and within 2 weeks to a month, usually in the 
third week, there was complaint of some lessening of effect —such as 
absence of spontaneous morning erections, poor erections at coital 
attempts, absence of ejaculation. When we have substituted plain 
sesame oil for the usual 25 mg. of testosterone propionate twice 
weekly, the same complaints are registered, but much sooner— 
usually within 10 days to 2 weeks. We realize our conclusions thus 
far are based on subjective criteria which, as a general rule, are 
unsatisfactory; for, as will be seen later, the psychological quanta 
in the phenomena of sexual activity are very great. But the above- 
mentioned reduction in dosage was accomplished without any 
possibility of the patients’ knowledge, and clinical response was 
uniform to such a degree that we believe these observations are 
valid. We have not as yet given any patient maximal effect by 
injections and then completely withdrawn therapy for prolonged 
periods in an effort to evaluate the objective effects of withdrawal. 
The longest withdrawal period was of | month’s duration and only 
slight diminution in the size of the prostate was noted, though quite 
marked regressive changes had occurred in the scrotal skin, as 
called to our attention by the patient himself. 

In summary, then, it has been our experience in patients who have 
been treated successfully with 25 mg. twice weekly, that this dosage 
cannot be much, if at all, reduced without subjective reduction in 
effectiveness. Contrariwise, no increase in tolerance to the drug 
when so given over 30 months has been noted. The significance of 
Kenyon’s‘ observation is not clear in the light of these experiences. 
He found in 1 patient successfully treated with 25 mg. daily and 
whose dosage was reduced later to 25 mg. twice weekly that “with 
the smaller dosage sexual stimulation was substantially below that 
of the previous high level.”” This, of course, might have been a 
psychological effect of the reduced number of injections. The 
power of suggestion in this field is a constant source of worry in 
interpreting subjective responses, as mentioned previously. An 
example may not be amiss at this point. 
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A 55-year-old technician, who has spent most of his life around medical 
clinics, was much impressed by reports of increased potentia resulting from 
the use of testosterone. He felt that his sexual powers over the past few 
years were waning, this constituting, so far as we could learn, an ability to 
have coitus only once an evening, whereas previously it could be accom- 
plished twice or three times. He persuaded one of us to give him testos- 
terone propionate in an endeavor to increase his sexual powers. A single 
injection of 50 mg. was given. The night after the injection he claimed to 
have had coitus three times and was delighted with the therapy. About a 
month later, having made plans for the following night, he asked us for a 
similar injection. Believing his previous medication to have been effective 
solely through suggestion, we administered 2 cc. of sterile sesame oil, having 
labelled each ampoule carefully and conspicuously with the usual label on 
vials of 25 mg. of testosterone propionate. The sterile oil injections pro- 
duced the same marvelously satisfactory result as had 50 mg. of testosterone 
propionate. This experiment was repeated on several occasions with the 
same result, and it was interesting to hear the patient’s statements that for 
several days after each injection of sterile oil he had so many spontaneous 
erections during the day as to seriously interfere with his work. 


It is our opinion that several more years of clinical experiments 
with injections of the drug will be required before the optimal dosage 
for building up or maintenance effects can be ascertained. We feel 
that the experiences we have had thus far yield only suggestive 
evidence in this regard. 

The following case report is representative of the results which we 
have observed in hypogonad patients when given testosterone 
propionate injections in 25 mg. doses on an average of twice weekly. 
Through a mistake this patient was given an injection 3 times per 
week for the first 2 weeks, but otherwise his story is entirely repre- 
sentative of the group as a whole. 


W. P. A., B. U. I. 26769, aged 27 years, was admitted March 26, 1938, 
complaining of failure of the penis and testes to develop. He gave a history 
of bilateral cryptorchidopexy at the age of 11, after which there was no 
further sexual development. There were occasional, well sustained erec- 
tions with some sexual desire, resulting in occasional masturbation with 
some sensation and the appearance of a tiny amount of fluid at the meatus. 
There were no hot flushes. He was nervous, self-conscious, and stated he 
took particular pains to conceal his genital underdevelopment. He had 
received ‘several courses of pregnancy urine principle and orchidic sub- 
stances without change except, he believed, there was some slight develop- 
ment of hair about the genitalia. He shaved twice a month. He stated 
his voice had become slightly lower-pitched during the past 3 years, but 
his co-workers often jested about his sissy voice. 

Examination. The patient was a tall, eunuchoid individual with dis- 
proportionately long arms and legs (Fig. 1A). Height 6 feet, 2 inches, 
weight 150 pounds. There were long scars in both groins, the result of 
previous operation. Genitalia: The penis was small (Fig. 2A), about 2 cm. 
wide, and on extreme traction 8.5 cm. long. The scrotum was very small 
and underdeveloped. Both testes could be palpated just below the external 
rings, the right measuring about 5 to 6 mm., the left distinctly smaller. 
Rectal examination: Anal sphincter of average tone. Perineal muscles 
apparently of normal development. Prostate very indefinite, but one got 
the impression that there was perhaps a very small amount of lateral lobe 
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tissue a little over 1 cm. wide around the urethra (Fig. 3A). Membranous 
urethra normal. One could palpate two cords in the position of the ampulle; 
these were taken to be terminal vasa. The impression of small, soft struc- 
tures adjacent to these was obtained and though indefinite, these were taken 


Fic. 1.—A, Patient (aged 27 years) before treatment. B. Same patient after 11 
months of therapy. 


Fic. 2.—A, Genitalia before treatment. B, Genitalia after 11 months of therapy. 
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to be minute seminal vesicles. No prostatic secretion could be expressed on 
vigorous palpation. The body hair development was considerably retarded. 
There were about a half-dozen black hairs on either side of the pubic area 
(Fig. 2A), as well as in the axilla, and a few dark hairs on the anterior por- 
tion of the scrotum. There was an indefinite, fine fuzz present on the chin. 
No hairs on abdomen. There were short, dark, sparse, fine hairs on the 
forearms and lower legs. There was no palpable breast tissue. There was 
marked retardation of bone age as determined by Roentgen ray. Urinary 
prolan was present in a concentration of more than 50 and less than 100 rat 
units per liter. Roentgen ray of the sella turcica was normal. Endoscopy: 
No. 16 McCarthy cystoscope passed with some difficulty because of nar- 
rowness of the urethra. Bladder mucosa and vesical orifice normal. Corn- 
ing back into the urethra, the urethra fell together from each side, giving the 
appearance of two lateral lobes with slight corresponding clefts at the vesical 
orifice. The floor of the urethra distal to the vesical orifice was raised, with 
bullous edema being present. No verumontanum could be localized in this 
somewhat bullous area. Ejaculatory ducts could not be visualized. Re- 
mainder of urethra normal; no evidence of vaginal orifice. 

Treatment: April 5, 1938, testosterone propionate, 25 mg. per dose, was 
begun and given every other day for 5 doses. After the first injection he 
noted a distinct change in the scrotum which became more lax and loose. 
During the first 10 days when he had injections every other day there were 
erections a large part of the time, with almost continuous erection at night. 
No seminal emissions and no masturbation. During these 10 days there 
was a gain of 10 pounds in body weight. At the end of this period there 
was definite distention of a tiny prostate and a drop of secretion was ob- 
tained. After April 16, 1938, the patient received 25 mg. of testosterone 
propionate twice weekly for a year. After the seventh injection the voice 
began to crack, the nipples became slightly sore, but without secretion. 
At the end of the first month he complained of intense libido and indulged 
in frequent masturbation. There was the appearance of an ejaculate within 
the first month of therapy. The skin of the face and neck had definitely 
become darker. He claimed that his joints were stiff, though he had taken 
no unusual exercise. At the end of the first month there appeared under 
each nipple a small area about 2 cm. in diameter, of firm breast tissue, with- 
out any secretion. At the end of this month the penis had grown 1} em. 
in extended length. The prostate was then about one-fifth normal size, 
soft and succulent. Seminal vesicles distinctly palpable. The erections 
which had previously amounted almost to priapism had begun to decrease 
somewhat in intensity. Between the middle of May and the middle of 
June, when he was seen again, the voice had become definitely deep, the 
breasts had become less tender, though the nodules were still present. He 
now weighed 166 pounds. There was distinct growth in pubic hair and the 
penis now measured 10.4 cm. in extended length. A distinct growth of 
hair had appeared over lower legs. Prostate was now one-half normal size, 
of normal contour, as were the seminal vesicles, and the prostatic secretion 
was normal. He returned September 3, still having frequent erections 
during the night, in the morning, and several times during the day. He 
was masturbating more than once a week, with a considerable quantity of 
ejaculate. The nodules in the breasts had disappeared. Weight was now 
170 pounds. He was distinctly more masculine in appearance, stronger, and 
obviously more muscular than before treatment. The penis was 11.2 em. 
in length and undoubtedly greater in circumference. The scrotum was 
more redundant but there was no change in the testes. The prostate and 
seminal vesicles were about one-half normal size, with considerable secre- 
tion. The voice was quite deep, and he stated that cracking no longer was 
present. By the middle of October, pubic hair was becoming quite profuse, 
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as was the hair on the lower legs. The patient was now having frequent 
coitus, sometimes 3 or 4 times a night, with firm, well-sustained erections, 
normal ejaculations and orgasm. Figures 1 and 2 show the patient before 
and after 11 months’ treatment, during which time he received approxi- 
mately 2400 mg. of testosterone propionate. The prostate and seminal 
vesicles were now of normal size (Fig. 3B), the prostatic secretion normal in 
amount and on microscopic examination. On March 4, 1939, two pellets of 
crystalline testosterone were inserted into the arm. April 22 he returned, 
stating he was having even more erections following the implantation of the 
pellets, with just as much potentia and no change in orgasm or ejaculation. 
On April 22, 1939, the skin incision was opened and the pellets removed, 
weighed, and another pellet was reinserted. It was found that during the 
interval he had absorbed an average of 4 mg. a day of testosterone. Main- 
tenance, as judged subjectively by him, was entirely comparable to that pro- 
duced by doses of 25 mg. of testosterone propionate injected twice weekly. 
There was distinct continued growth of pubic and body hair during this 
time. The penis now measured 14 cm. in length and 3.2 em. in width. 
Thick hair was developing under the arms and the patient now had to shave 
once a week. No breast tissue was palpable. The prostate remained 
entirely normal in size, shape and consistency, as did the seminal vesicles, 
with a large amount of secretion being expressed on palpation. 


Implantation of Pellets. The effects above reported in hypogonad 
patients, resulting from injections of testosterone propionate in oil, 
seem to us adequate and entirely satisfactory replacement therapy. 
But the mode of administration leaves much to be desired; because 
of its oily nature we have felt it wise for the injections to be per- 
formed by physicians, and two trips per week to a physician’s office 
for life is rather a strenuous program to anticipate. No peroral 
therapy of similar therapeutic potentialities has yet been developed. 
Two years ago the extraordinary effectiveness of pellets of crystalline 
hormones implanted beneath the skin of birds was reported by 
Deansley and Parkes.! Because it seemed likely that testes nor- 
mally function by giving off more or less constantly minute quanti- 
ties of androgens, the pellet method seemed to us extraordinarily 
adaptable for androgenic therapy. Consequently, we began trials 
with compressed tablets of testosterone placed in the subcutaneous 
tissues of our patients, in the fall of 1937. Because the tiny pellets 
of estrogens seemed equally effective as quite large injections of that 
substance in oily solutions, we tried at first using very minute pellets 
of testosterone placed subcutaneously by way of hypodermic needles. 
Pellets were made, each weighing approximately 2 to 3 mg.* Six 
to 30 mg. were injected at one time. Patients were used for testing 
who had shown the usual excellent therapeutic response to injections 
of 25 mg. of the oily solution twice weekly. No therapeutic effects 
of the pellets were observable, and withdrawal symptoms were noted 
in each instance in brief periods of time. 

Following the work of Thorn,*® who found that in adrenalectomized 
dogs pellets of desoxycorticosterone were required which would 


* These pellets were kindly made for us by Dr. Carl Hartman of the Department 
of Embryology of the Carnegie Institution of Washington. 
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yield approximately 3 mg. into the circulation daily for a good 
maintenance effect, we began last year to use much larger pellets 
of 100 to 800 mg. each of testosterone, implanted beneath the skin. 
Excellent therapeutic results have followed this procedure in every 
instance thus far. We are at present studying 10 hypogonad pa- 
tients on pellets placed in the subcutaneous tissue surgically, and 
following the objective and subjective clinical effects together with 
periodic assays of urinary androgen excretion.2 The pellets are 
removed and replaced at regular intervals in an effort to ascertain 
the amount of their substance given off per unit of time, the conse- 
quent duration of their effect; and thus we hope to determine the 
frequency with which they need be renewed. 


vesicles Wj 


Fic. 3.—A, External and internal genitalia before treatment. B, External and 
internal genitalia after 11 months of therapy. 


All patients who have thus far been transferred from injection to 
pellet therapy have reported enthusiastic and gratifying results. 
It is, as yet, too soon to determine whether pellets will be disinte- 
grated with uniform rapidity in all patients, and one would guess 
that this probably would not be so. No patients have, thus far, 
reported over-stimulation effects. 


One patient has impressed us particularly: A 64-year-old eunuch (Case 5 
of first paper) had severe vasomotor symptoms following castration, only 
partially relieved by injections of 25 mg. of testosterone propionate twice 
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weekly. He was still having 10 to 20 flushes daily and drenching sweats, 
despite complete restoration of libido and potentia with bi-weekly injec- 
tions. The implantation of one large pellet of pure testosterone (Fig. 4) 
subcutaneously reduced to negligible proportions the flushes and sweats, 
at the same time maintaining libido and potentia at a level at least as satis- 
factory as the injections of testosterone propionate had done. Strangely 
enough, the excess excretion of urinary prolan did not alter despite the great 
symptomatic improvement. This patient had been, on several occasions, 
tested with reduction in injected dosages and also with injections of plain 
sesame oil, always with prompt symptomatic decline. There seems little 
doubt that the pellet therapy has, in his case, been greatly superior. As he 
himself expresses it, ‘The pills are much better because they keep my sex 
life just as good and have saved my life by getting rid of those plaguing 
sweats and flushes.” For a period of 75 days these effects were maintained. 


Compressed 1 


crystalline testosterone \Surtace of 


on lateral | ¢ 
surface of Testosterone 
arm pellet in ava 
position 


Fic. 4.—Technique of pellet implantation. 


Equally efficacious have been the therapeutic results in other 
patients in whom pellets of the larger size have been implanted. 
Thus far, we have in most instances used pellets of pure testosterone 
crystals. It is possible that in the future other forms of testosterone 
or chemical variants of this compound may be utilized, with even 
greater or more economical clinical effects. We have implanted in 
monkeys and hypogonad patients pellets of other esters of testos- 
terone and observations are at present in progress. Perhaps a 
peroral preparation will be prepared which will be clinically effective. 

Summary and Conclusions. Observations extending over a period 
of 2 years on the effects of testosterone propionate in sesame oil 
given by hypodermic injections to 22 adult patients suffering from 
hypogonadism are reported. Development or reéstablishment of 
secondary sexual characteristics with induction of normal libido 
and potentia have been observed. The dosage for maintenance and 
optimal therapy is discussed; and in our experience 2 doses per week 
of 25 mg. each has seemed adequate. Smaller doses, if given more 
frequently, seem equally effective, but if injections are given only 
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twice weekly smaller doses than 25 mg. proved inadequate for good 
therapeutic results. A preliminary report is given on the surgical 
implantation of compressed pellets of pure testosterone. Results 
thus far are encouraging and have seemed equally efficacious as 
those resulting from injections, far less troublesome to the patients, 
and somewhat sparing of material. 
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EVALUATION OF VITAMIN B, (THIAMIN CHLORIDE) IN THE 
TREATMENT OF POLYNEURITIS.* 


By Martin G. Vornavs, M.D., 
ASSOCIATE ATTENDING PHYSICIAN, HOSPITAL FOR JOINT DISEASES, NEW YORK CITY. 


Tue development of the idea that there is a close interrelation 
between polyneuritis and vitamin deficiency has taken place within 
a short space of time. In the East, the interest in polyneuritis arose 
from the prevalence of beriberi and in the West, the ever present 
group of alcoholics afforded ample material for the study of the same 
clinical entity. Accident, deductive reasoning and experimentation 
in both parts of the world have brought about the evolution of the 
concept that avitaminosis is intimately linked with all types of 
polyneuritis. 

In 1897, Eijkman! observed beriberi in some chickens accidentally 
confined in his laboratory and proved by subsequent studies that 
changes in diet could cause or prevent avian polyneuritis. In 1911, 
Funk? demonstrated that the beriberi-preventing factor in the diet 
contained nitrogen and to this substance he gave the name “ vita- 
mine.” 

Kimura’ in 1913 first reported the fact that pathological examina- 
tion revealed identical changes in the nerve trunks in cases of beri- 
beri and in cases of alcoholic polyneuritis. The clinical significance 
of these early studies seemed to pass unrecognized for many years. 
In 1928 Shattuck’ stated that it seemed logical to assume a similarity 


* Read before the Section of Medicine, The New York Academy of Medicine, 
Tuesday, November 15, 1938. 
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between the polyneuritis of beriberi and all the other forms of poly- 
neuritis. He expressed his belief that vitamin B deficiency plays a 
role in all such cases and urged that the therapeutic test be applied 
to patients with polyneuritis. 

In the decade that has since passed, Shattuck’s theory has been 
proven correct by many workers. Wechsler® in 1933 reported im- 
provement in alcoholic polyneuritis by a vitamin rich diet and he 
maintained that alcoholic polyneuritis as well as the neuritis of 
pregnancy were due to lack of vitamin. Later experiments by 
Minot® and his group and by Jolliffe* and his associates confirmed 
these observations. 

During these years Williams" and his co-workers were improving 
the concentration of their yield of vitamin B,; and experimental 
feedings of these concentrates to cases of polyneuritis was begun 
in 1933. Ina short time Williams'®"** made available pure crystal- 
line material which was used instead of the concentrates and since 
1936 the synthetic vitamin—now tentatively called thiamin—has 
been employed. 

Following the preliminary report’ of the first 100 cases in 1934, 
continued observations in a larger group of cases of polyneuritis 
have been made. Since 1934 many hundred workers have corrob- 
orated the beneficial results reported in the first 100 cases. Today 
there seems to be little doubt that vitamin B, is of value thera- 
peutically in polyneuritis. 

The cases in this series were classified as cases of polyneuritis 
based upon the following diagnostic criteria: 

1. Recurrent attacks of pain: occurred with typical peripheral 
nerve distribution in more than one area of the body. 

2. All cases complained of pain for longer than 1 month and had 
one or more recurrences since the initial attack. 

3. All cases complained of paresthesias, weakness, and diminution 
of muscular power in the affected regions. 

4. Neuromuscular tenderness (Valleix’s Points) were present in 
all patients. 

5. Reflex changes, either exaggeration, diminution or loss of re- 
flexes and reduction in vibratory perception, were noted in all cases. 

In view of the varied etiology present in this group the designa- 
tion of these cases might be more accurately “ Multiple Neuropathy ” 
but the more usual term of “Polyneuritis” has been employed for 
clinical simplification. 

In the treatment of these patients, pure vitamin B,—at first the 
natural product and later the synthetic material—was the only 
therapeutic agent used. No change in the diet of these cases was 
made. In about 75% of the cases, thiamin was given orally and in 
the remaining 25%, parenterally. The relative merits of the oral 
and the parenteral method of thiamin administration will not be dis- 
cussed; both are of value and each has its disadvantages. 


A \ 


VORHAUS: TREATMENT OF POLYNEURITIS 839 


In this series of patients the daily dose of thiamin varied con- 
siderably and was determined by the duration and severity of the 
polyneuritis and modified according to the clinical response. The 
average daily dose of thiamin chloride for the entire series ranged 
from 3 to 10 mg.; 7. e., from about 1000 to 3000 international units 
daily. Large doses were used routinely and usually given parenter- 
ally where no improvement was noted and to those patients whose 


response was either slow or incomplete. 


TABLE 1.—DusTripuTion BY Decapes or 520 Cases oF PoLYNEURITIS TREATED 
THIAMIN. 


— 200 
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: 100 

i. 
DECADES 1 2 3 4 5 6 7 8 9 


This report is based upon a study of 520 patients of whom about 
60% were female and about 40% male. The age of these cases 
varies from the first to the ninth decades of life but over 72% 
occurred from ages 30 to 59. In those patients who responded 
favorably to the administration of thiamin chloride there was a con- 


siderable variation in the duration of time before improvement was 


noted. 


TaBLe Factors 1n 520 Cases oF POoLYNEURITIS TREATED WITH 


THIAMIN. 

No. %. 
Toxic—heavy metal 5 1 
Toxic—endogenous 26 5 
Gestational . 12 3 
Metabolic 118 20 
Nutritional . 125 22 
Infectious 161 29 
115 20 

Total 562 


This factor of the length of time elapsed before the beginning of 
response to treatment was influenced in part by the size of the dose as 
well as by the method of administration. Of greater significance, 
however, was the duration of symptoms. Those patients, whose 
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symptoms of polyneuritis were of several weeks or a few months’ 
duration, showed a quicker response than those whose symptoms had 
lasted for one or more years. ‘The average duration of time elapsed 
until improvement began was about 3 weeks for the entire series. 
Approximately 75% of the patients showed some improvement 
within 4 weeks. 


TABLE 3.—ReEsULTS OF TREATMENT OF 520 Cases OF PoLYNEURITIS WiTH THIAMIN. 


Late results 


Immediate results. remained well. Had recurrence. 
No. %. No. %. No. %. 
Unimproved .... 15 3 0 0 0 0 
Improved . . . . 189 36 68 36 121 64 
Symptom free . . . 316 61 122 39 194 61 


Total . . . . 520 190 37.5 315 62.5 


The total duration of thiamin administration from the beginning 
until that time when no further increment of improvement was ob- 
tained, varied in response to the same factors. The average total 
duration of treatment was about 9 weeks for the entire series. Ap- 
proximately 80% showed maximum improvement of relief of symp- 
toms in 3 months or less. 


TABLE 4.—ANALYSIS OF 62.5% oF RECURRENCES IN 505 Cases OF POLYNEURITIS 
IMPROVED ON THIAMIN ADMINISTRATION. 


Had one or more 


recurrences. Remained well, 
Length of observation ~— ~ 
after stopping thiamin. No. %. No. %. Total. 
a 37 21 139 79 176 
79 71 32 29 111 
81 85 14 15 95 
More than3 years. . . . 118 96 5 4 123 


Total 315 190 
A classification of this group based upon etiologic factors has been 
made. 

The sum of the etiologic factors is in excess of the number of cases 
since, in some instances, at least two causative agents seemed to be 
concomitantly present. In the unknown group (indicated by ques- 
tion marks) no satisfactory etiologic explanation could be ascer- 
tained. This “ X” group comprised 20% of all the etiologic factors 
and 22% of the actual number of cases. 

A statistical survey was made of each different etiologic group to 
determine whether there was any difference in the type of response 
to thiamin. No significant change was noted. However, the 
unknown group seems to show a greater incidence of recurrence than 
that noted in other groups. In this 5-year study an insufficient 
time has elapsed to justify statistical evaluation of the frequency of 
recurrences in the different groups and therefore at this time no 
figures are presented in regard to this question. 
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The results of thiamin administration in this series of 520 patients 
is presented under two groupings. The first division is based upon 
an evaluation of the response to the first continuous course of 
thiamin administration: 3% were unimproved; 36% were improved 
and 61% became free of symptoms. After this first course was 
completed, thiamin was ,ithheld and the patients were kept under 
observation for varying lengths of time. During these 5 years, 
37.5% have remained either free of symptoms or as well as they were 
at the time that thiamin was discontinued; 62.5% have shown one or 
more recurrences of their symptoms in varying degrees of intensity. 
There was no significant difference in the per cent of recurrences in 
the improved group as compared to the symptom-free group. 

A further statistical survey was made of the 62.5% of recurrences 
based upon the length of time that these patients were under ob- 
servation since discontinuing the first course of thiamin treatment. 

Of the entire series 35% were under observation less than 1 year 
since discontinuing thiamin. Of these, 176 patients (79%) main- 
tained their improvement during that time and 21° had already 
begun to show return of symptoms. 

The second group was under observation not less than 1 year 
and not more than 2 years. They represent 22% of the entire series. 
By this time the figures are almost reversed and now 71% have 
already had recurrence of symptoms and only 29% have maintained 
the beneficial effect of thiamin. 

As a longer period of time passes, this trend of frequent recurrences 
becomes more apparent. In the third group (19% of the series) the 
percentage of cases with return of symptoms has risen to 85%. 

The final group (24%) has been under observation for the longest 
period of time. Every patient has been observed for at least 3 
years or more since thiamin has been withheld. By the time 3 or 
more years has elapsed, 96% of the cases have had one or more 
recurrences and only 4% have maintained their improvement or 
remained symptom free. 

It becomes apparent from a study of this curve of recurrence 
that the beneficial effect of thiamin in cases of polyneuritis may be 
expected to continue for only a short period of time. Within about 
a year 50% of the patients have lost part or all of their relief; after 
3 years over 90% have recurred; if the curve of the graph is extrapo- 
lated it may be assumed that at the end of 5 years, all or almost 
all of these individuals will have experienced a return of symptoms. 

Many of these patients have received thiamin chloride for the 
treatment of their recurrent symptoms. A preliminary survey of 

the results of the treatment of the recurrences gives almost as 
encouraging results as for the initial response. About 90% of the 
recurrences respond by improvement or relief of symptoms to the 
readministration of thiamin chloride. Some of these patients have 
had 5 or more recurrences already and a few have been unable to 
remain free of symptoms unless they are constantly taking some 
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additional thiamin over and above the amount present in a well 
balanced diet. 

In order to evaluate the results of the treatment of the recurrences 
a much longer period of time is needed. Thiamin in the pure form 
has been available only for about 5 years and this is too short a space 
of time in which to draw definite conclusions. It is hoped that at 
the expiration of 10 years a definite statement can be made in regard 
to the treatment of recurrences. 
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CuartT 1.—Weeks of thiamin administration before beginning improvement. 


Discussion. Polyneuritis is a clinical syndrome produced by many 
causes and the severity of the clinical manifestations seems to 
parallel the intensity of histo-pathologic changes in nerve tissue. 
Thiamin plays an important réle in maintaining the normal balance 
of nerve tissue metabolism. The feeding of thiamin is followed by 
re-myelinization and a return toward normal in the microscopic 
appearance of the nerve trunks. 

Conceivably, in severe and advanced cases, irreversible changes 
may have taken place and the long continued use of large amounts of 
thiamin may be without effect. Based upon increasing clinical 
experience, it appears that, even in cases of 10 and 20 years’ dura- 
tion, the administration of thiamin is usually followed by some 
degree of improvement. Thus, in chronic polyneuritis, abatement 
of symptoms takes place even though after 3 or 4 years, the Achilles 
reflex and the vibratory sense have remained constantly impaired. 

It has been demonstrated that the human requirement for thiamin 
is greater under a variety of conditions. Overwork, excess of carbo- 
hydrates in the diet, states of increased metabolism such as occur 
in hyperthyroidism, fevers and pregnancy, infections and perhaps 
even prolonged mental and emotional strain, all seem to increase 
the requirement for vitamin B, at times. This increased need seems 
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to vary in degree in different individuals and appears to exist in 
animals of many species as well as in human subjects. 

Even when the amount of thiamin in the diet is adequate for 
health, changes in absorption and utilization of this vitamin within 
the body may bring about a state of relative avitaminosis. It is 
well known that the diet of many American families contains a 
minimum amount of thiamin necessary for health and in many such 
persons there may be little or no storage of this vitamin. 
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Cuartr 2.—Duration of first course of thiamin administration. 


All these factors serve to explain the occurrence of polyneuritis 
in one individual during an infection or a pregnancy or after exposure 
to heavy metals; whereas other individuals, subjected to the same 
etiologic conditions, do not exhibit the clinical manifestations of 
polyneuritis. Furthermore, studies with animals have shown iso- 
lated instances in which one animal has an unexplained greater 
normal need for thiamin than other members of the same species. 
Human counterparts of such animals may exist and this theory may 
explain the fact that a few patients require a supplementary addition 
of thiamin to an adequate diet in order to maintain a satisfactory 
state of health. 

This greater need for vitamin B, in some patients seems to be 
analogous to the greater need for iron in cases of primary hypo- 
chromic anemia. Here too is seen the same variation in the indi- 
vidual requirement for a normal food factor. Although the vast 
majority find enough iron in their daily food to maintain themselves 
in hemoglobin balance under normal conditions of life, there is a 
small number who require additional iron—and often in large 
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amounts—to keep their hemoglobin level up to normal. So too 
most individuals find enough thiamin in the normal diet to keep 
their nerve tissue metabolism in balance while a few seem to have 
an unexplained greater need for thiamin and are in better health 
when supplements of this vitamin—often in large amounts—are 
added to their food. It is hoped that future studies on larger num- 
bers of normal and polyneuritic individuals will clarify this point and 
designate such cases by some such name as possibly cases of “ Pri- 
mary Hypothiaminosis.”’ 

Summary. 1. A 5-vear study of 520 cases of polyneuritis under 
thiamin chloride treatment is reported: 15 cases (3°%) were unim- 
proved; 189 cases (36°) were partially improved; 316 (61%) be- 
came symptom-free. 

2. The 505 cases which were improved after taking thiamin 
chloride for an average of 9 weeks, were kept under observation 
after discontinuing this treatment. At the present time, 315 cases 
(62.5%) have had one or more recurrences of their symptoms. 

3. Of 170 cases under observation up to | vear after discontinuing 
thiamin, 21° showed recurrences. Of the 111 cases under observa- 
tion from 1 to 2 vears after discontinuing thiamin, 71° showed 
recurrences. Of the 95 cases under observation from 2 to 3 years 
after discontinuing thiamin 85% showed recurrences. Of 123 cases 
under observation more than 3 years after discontinuing thiamin, 
96° showed recurrences. 

Conclusion. The administration of adequate amounts of thiamin 
chloride to cases of polyneuritis is followed by a high incidence of 
improvement in symptoms. ‘This effect usually begins to be appar- 
ent within 3 weeks and by 9 weeks reaches its maximum in most 
cases. 

If thiamin is then discontinued, recurrence of symptoms takes 
place. At the end of 1 vear about one-half of patients will have had 
one or more recurrences. At the end of 5 years all or almost all of 
the cases will have had some return of symptoms. 

Readministration of thiamin in the treatment of these recurrences 
is highly effective. 

It seems probable that some individuals have a greater normal 
need for thiamin than can be obtained from a normal diet. For 
such cases the term “ Primary Hypothiaminosis”’ is suggested. 
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HEADACHE AND Heap Pains. A Ready Reference Manual for Physicians. 
By Water Forest Durron, M.D., Formerly Medical Director, Poly- 
clinic and Medicochirurgical Hospitals, Graduate School of Medicine, 
University of Pennsylvania; Visiting Physician to Northwest Texas and 
St. Anthony’s Hospitals; Director, Medical Research Laboratories, 
Amarillo, Texas. Pp. 301; 5 illustrations. Philadelphia: F. A. Davis 
Company, 1939. Price, $4.50. 

Tuts book is presented as a ready source of reference in the management 
of headache. Following the introduction, which gives general principles 
of differential diagnosis and treatment, there follow thumb-nail sketches of 
various disorders from acromegaly to yellow fever. Useful prescriptions 
and procedures for the relief of headache are included. It should not sup- 
plant more complete sources of knowledge concerning the general medical 
aspects of diseases which have headache as a symptom. W. J. 


Recent Apvances IN Mepictne. Clinical, Laboratory, Therapeutic. 
By G. E. Beaumont, M.A., D.M. (Oxon.), F.R.C.P., D.P.H. (Lond.), 
Physician to the Middlesex Hospital; Physician to the Hospital for Con- 
sumption and Diseases of the Chest, Brompton; Lecturer in Medicine, 
Middlesex Hospital Medical School, ete., and E. C. Dopps, M.V.O., 
D.Sc., Px.D., M.D., F.R.C.P., Courtauld Professor of Biochemistry in 
the University of London; Director of Courtauld Institute of Biochemis- 
try, Middlesex Hospital; Pathologist to the Royal National Orthopedic 
Hospital. Pp. 431; 42 illustrations. Ninth Edition. Philadelphia: 
P. Blakiston’s Son & Co., 1939. Price, $5.00. 

A WELL-SELECTED list of advances in the field of clinical medicine, the 
subject matter being limited to methods used for medical patients in a 
general hospital. Both material and manner of presentation readily explain 
the popularity that has brought the work to its ninth edition. 

R. K. 


DIAGNOSIS AND MANAGEMENT OF DISEASES OF THE BruiaRy Tract. By 
R. FRANKLIN Carter, B.S., M.D., F.A.C.S., Associate Clinical Professor 
of Surgery, New York Post-Graduate Medical Schocl, Columbia Univer- 
sity, New York City; Director of Surgery, Gouverneur Hospital; Cari 
H. Greene, A.B., Px.D., M.D., F.A.C.P., Associate Clinical Professor 
of Medicine, New York Post-Graduate Medical School, Columbia Uni- 
versity, New York City; Clinical Professor of Medicine, Long Island Col- 
lege of Medicine, etc.; and Jonn Russevi Twiss, A.B., M.D., F.A.C.P., 
Assistant Clinical Professor of Medicine, New York Post-Graduate Medi- 
cal School, Columbia University; Assistant Physician, O.P.D., New York 
Hospital, New York City. Pp. 432; 84 illustrations and 6 plates. 
Philadelphia: Lea & Febiger, 1939. Price, $6.50. 

Tus book presents little that is new, but represents the considered opinions 
of a group of workers who for ten years have been operating a clinic for the 
study of the diseases of the biliary tract. It consists of a loosely arranged 
series of articles on various aspects of such diseases, especially those of the 
gall bladder. Not only the three named authors but eight others have con- 
tributed sections or chapters. Much of the literature up to 2 years ago 
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has been reviewed, as is indicated by approximately 30 pages of bibliog- 
raphy, and this constitutes one of its better features. Unfortunately no 
mention is made of the recent work on vitamin K and the bile salts in the 
control of the bleeding tendency in jaundiced patients. The discussions 
of diagnosis and treatment are confused and repetitious. The authors 
wisely insist in their introduction on a complete study of each patient, 
but their text and clinic charts have reference almost entirely to investiga- 
tions of the biliary tract. The illustrations, however, are excellent and the 
book has a very satisfactory index which will make it useful for reference. 
T. M. 


You Can’t Eat Tuat! A Manual and Recipe Book for Those Who Suffer 
Either Acutely or Mildly (and perhaps unconsciously) from Food Allergy. 
By Heten MorcGan. Foreword by Dr. Wavrer C. ALvAReEz of the 
Mayo Clinic. Pp. 330. New York: Harcourt, Brace & Co., 1939. 
Price, $2.50. 

AFTER 50 pages devoted to a foreword and chapters on the nature, causes, 
diagnosis and treatment of allergy (in which are dished up for lay consump- 
tion some dubious allergic doctrine and a lot of good practical information), 
the book really comes into its own when it gets out of the laboratory and 
into the kitchen. Part .i offers a splendid selection of recipes covering a 
wide range of food avoidances and substitutes. Part III should be par- 
ticularly welcomed by allergics because of its useful information about 
foods: “‘What’s in it?” listing the ingredients in hundreds of brands of 
packaged goods; “Jokers in cooked foods,’’ pointing out possible hidden 
contacts with common food substances; also lists of food substitutes and of 
sources of certain of the commoner foods and the various products that are 
made from them. An excellent book that both allergists and allergics will 
find helpful. 


ReEciPES AND MENus FOR ALLERGICS. By Myra May Haas. In Collab- 
oration with NaTHAN Scuarrer, M.D., Menus by Cay HILueGas. 
Illustrations by O. Sogtow. Pp. 250; illustrated. New York: Dodd, 
Mead & Co., 1939. Price, $2.50. 

ALLERGISTs are keenly aware of the need for suitable dietary information 
for their patients and are grateful for every attempt made to fill this need. 
This volume offers an excellent selection of recipes and menus for those 
sensitive to egg, wheat and milk: 244 pages. Unfortunately that leaves 
only 6 pages for other food avoidances. This lack is partly met by an 
18-page preface, discussing dietary problems and giving formule of many 
prepared foods and beverages as purchased in the open market. 

R. K. 


Practice OF ALLERGY. By WarreEN T. VauGHaNn, M.D., Richmond, Va. 
Pp. 1082; 338 illustrations. St. Louis: The C. V. Mosby Company, 
1939. Price, $11.50. 

AN accurate, authoritative, well-written and complete presentation of 
our knowledge of allergy, and especially of its clinical aspects. Part I, 
introductory in nature, includes chapters on history, theories of anaphylaxis, 
comparisons of, and relations between, experimental anaphylaxis and clinical 
allergy; terminology. Part II (The General Characteristics of Clinical 
Allergy) discusses functional pathology, incidence of allergy; climate, 
environment, social status and heredity in allergy. Part III is on the 
Physiology of Allergy. Part IV, on Allergic Diagnosis, has chapters on dis- 
cussion with the patient, skin testing, passive transfer, mucous membrane 
tests, patch test, leukopenic index, physical allergy, vital capacity, prepara- 
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tion of text extracts. Part V, on diagnosis and treatment of food allergy, 
includes chapters on food groups, the food diary, trial and elimination diets. 
Part VI gives extensive information on food allergens. Part VII takes up 
pollens, pollinosis and other inhalant allergy, including the available infor- 
mation on pollen surveys. Part VIII is on bacterial allergy, vaccines and 
focal infection. Parts IX to XV deal with fungi in allergy; entomogenous 
and diadermal (e. g., serum sickness) allergy; anaphylactic shock; drug 
allergy, contact allergy, physical allergy and the use of drugs in the treat- 
ment of allergy. Part XVI, on the allergic diseases, has chapters devoted 
to asthma, hay fever and allergic rhinitis, migraine, skin diseases, gastro- 
intestinal allergy, cardiovascular diseases, and miscellaneous diseases. 
This part, while adequate, has apparently been pruned a bit to keep down 
the size of the book. The author has brought to his task not only a thorough 
knowledge of his subject but also a facile pen and a clear and vivid mode of 
expression. The numerous illustrations are excellent and well-selected. 
The result is the best textbook on allergy. No allergist can afford to be 
without it, and practitioners and students will find it a valuable work of 
reference. R. K. 


THE MANAGEMENT OF TUBERCULOSIS IN GENERAL Hospita.s. Patients, 
Staff, Employees. Prepared by Witiiam H. Oatway, Jr., M.D., Assis- 
tant Professor of Medicine, University of Wisconsin Medical School; 
Assistant Physician, State of Wisconsin General Hospital for the Council 
on Professional Practice of the American Hospital Association. Pp. 78. 
Chicago: American Hospital Association, 1939. Price, Paper, 50 ce. 
Cloth, $1.00. 

Tue author states his reasons for believing that the care of a certain 
number of patients with active tuberculosis is a proper function of a gen- 
eral hospital. Methods of protection of contacts are discussed in minute 
detail. The striking incidence of active pulmonary tuberculosis in nursing 
and medical personnel is sufficient justification for this publication. It is 
especially recommended to the medical officer charged with the duty of 
defining and enforcing infectious precautions. S. L. 


TRAUMA AND INTERNAL Disease. A Basis for Medical and Legal Evalua- 
tion of the Etiology, Pathology, Clinical Processes, Following Injury. 
By Frank W. Spicer, A.B., M.D., F.A.C.P. Pp. 593; 43 illustrations. 
Philadelphia: J. B. Lippincott Company, 1939. Price, $7.00. 

In his preface the author says: “The whole purpose of this book is to 
present a careful study of the role of trauma as an etiological factor in the 
causation of disease of the viscera and bodily structures, and a discussion of 
the etiology, pathology, clinical processes and end results of serious or 
apparently trivial injuries, together with their earl y or tardy manifestations 
and effects upon a healthy organ or structure and also upon organs or 
structures that present evidence of pre-existing disease.’’ Major topics are 
the effects of trauma on the brain, the spinal cord, the chest and respiratory 
— trauma and tuberculosis; trauma and the heart, the blood-vessels, 
the abdomen; trauma and gastric and duodenal ulcers; trauma of the liver 
and biliary system, the pancreas, the spleen; trauma and appendicitis; 
trauma and the genito-urinary system, the female genital tract; trauma and 
air embolism, diabetes, exophthalmic goiter, leukemia, syphilis; trauma and 
electrical injuries; trauma and tumors. There are quotations from over 
1300 references in the literature. A profusion of illustrative case reports 
makes the presentation vivid and convincing. Each section ends with a 
brief and convenient summary. The author brings to his task an experience 
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of 30 years as a surgeon. He has ably marshalled his facts, has presented 
both sides of the argument in controversial matters, and has drawn his con- 
clusions in a logical and conservative manner. The result is a book of the 
first importance, that fills a real need in medical literature. It should prove 
valuable to surgeons, especially from the standpoint of diagnosis; to intern- 
ists, especially because of the valuable information on the late medical 
results of trauma, and to all physicians because of the obvious medico- 
legal implications. R. K. 


ELEKTRODIAGNOsSTIK. By Dr. B. Neoussikinge and Dr. D. ApRamo- 
witscuH, Tel Aviv. Pp. 242; 30 illustrations. Bern: Hans Huber, 1939. 
Price, Schw. Fr. 12. 

ELEcTRODIAGNOsIS has lost some credit during the last decades. We 
have come to understand that percutaneous measurement of intensity and 
voltage of currents though a numerical method is too crude a procedure 
to be of help for finer diagnosis while qualitative changes in muscular con- 
traction can be judged only by subjective observation. The more recent 
methods of examining the irritability including the time factor, on the other 
hand, have not yet been generally accepted because it is unjustly believed 
that their application is difficult. The aim of the authors of this book is 
“to adapt the experimental results in the field of general physiology of 
irritability to the practical purpose of clinical electrodiagnosis.”’ This plan 
has been successfully accomplished. In the first chapter of this book the 
physical and physiologic data underlying the methods of electrical examina- 
tion of the nerve muscle apparatus are explained in clear, simple language 
The next chapter deals with qualitative and quantitative changes of irri- 
tability, with the methods of galvanic and faradic excitation, with chronax- 
imetry and the technique of the various methods. The following 2 chapters 
discuss the results of the electrical examination in relation to general physio- 
logic problems and to the pathology of the motor nervous system in nervous 
and muscular diseases. Finally, methods and results of electrical examina- 
tion of the sensory system, the sense organs and the vegetative nervous 
system are described. A bibliography would greatly increase the value of 
the book. Those who want to familiarize themselves more intimately with 
the subject will regret that the authors have confined their discussion to 
the classical chronaxie, omitting the importance of determining strength, 
duration and lambda curves as well as the application of tubes in modern 
instruments. The book shows throughout the personal experience of the 
authors. It is not a “technical” book, but is written for the general 
practitioner and the clinical neurologist. F. L. 


NEW BOOKS. 


The British Encyclopedia of Medical Practice Including Medicine, Surgery, 
Obstetrics, Gynecology, and Other Special Subjects. Vol. 12, Tetanus 
to Yellow Fever. Under the General Editorship of Sir Humpury Rouies- 
Ton, Br. G.C.V.O., K.C.B., M.D., D.Se., D.C.L., LL.D., Emeritus 
Regius Professor of Physic, Cambridge; Sometime President of the Royal 
College of Physicians of London. With the assistance in a consultative 
capacity of F. R. Fraser, M.D., F.R.C.P., G. Grey Turner, D.Cu., 
M.S., F.R.C.S., F.R.A.C.S., F.A.C.S., James Youne, D.S.O., M.D., 
F.R.€.8. Ep., F.C.0.G., Str Leonarp Rocers, K.C.8.I., M.D., LL.D., 
F.R.C.P., F.R.C.S., F.R.S., and F. M. R. Watsue, O.B.E., M.D., D.Sc., 
F.R.C.P. Pp. 726; 48 illustrations, and 12 plates (3 in color). London: 
Butterworth & Co. (Publishers), Ltd., 1939. Price, $12.00. 
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Office Gynecology. By J. P. Greenwiiy, B.S., M.D., F.A.C.S., Professor of 
Obstetrics and Gynecology, Loyola Univ ersity Medical School, Chicago; 
Professor of Gynecology, Cook County Graduate School of Medicine, ete. 
Pp. 406; 104 illustrations. Chicago: The Year Book Publishers, Inc., 
1939. Price, $3.00. 

Die Arbeitstherapie der Zuckerkranken. By Pror. Dr. GERHARDT KaTscu, 
Direktor der Medizinischen Universitatsklinik in Greifswald und des 
Deutschen Diabetikerheimes in Gerzauf Riigen. (Sonderausgabe aus 
“Ergebnisse der physikalisch-diitetischen Therapie,” Band 1.) Pp. 35; 
3 illustrations. Dresden: Theodor Steinkopff, 1939. Price, Rm. 2.50. 

Teaching Wholesome Living in the Elementary School. By Atma A. Doss, 
M.A., Curriculum Division, Los Angeles City Schools, Los Angeles, Calif. 
Pp. 304; illustrated. New York: A. S. Barnes & Co., Ltd., 1939. 
Price, $2.50. 

Die Biologische Reaktion. Eine Funktionelle Analyse und Synthese Bio- 
metrischer Werte zur Zahlenmissigen Erfassung von: Allergie, Allge- 
meiner Resistenz, Spezifischer Resistenz, Krankheitsintensitat, Exten- 
sitit Aktiver Herde Immunitét. Pp. 263; 335 illustrations. Bern: 
Hans Huber, 1939. Price, Schw. Fr. 42.80. 

“This is based on the fundamental premise that children should be encouraged 

and be taught to grow in all ways ; socially as well as intellectually. 

The Neurogenic Bladder. By Frepertck C. McLetian, MS., M.D., 
Instructor in Surgery, University of Michigan Medical School, Ann 
Arbor. Pp. 206; 9 illustrations and 49 charts. Springfield, Ill.: Charles 
C Thomas, 1939. Price, $4.00. 

Psychobiology and Psychiatry. A Textbook of Normal and Abnormal 
Behavior. By WenpeELL Muncig, M.D., Associate Professor of Psychia- 
try, Johns Hopkins University; Assistant Psychiatrist, Henry Phipps 
Psychiatric Clinic, Johns Hopkins Hospital. With a Foreword by Apo.r 
Meyer, M.D., LL.D., Sc.D., Henry Phipps Professor of Psychiatry and 
Director of the Department of Psychiatry, Johns Hopkins University. 
Pp. 739; 69 illustrations. St. Louis: The C. V. Mosby Company, 1939. 
Price, $8.00. 

Injuries of the Nervous System Including Poisonings. By Orro Marsure, 
M.D., Clinical Professor of Neurology, Columbia University; Research 
Neuropathologist, Montefiore Hospital, New York, etc., and Max 
Hetranp, M.D., Assistant Clinical Professor of Neurology and Psychia- 
try, Columbia University; Chief of Nerve Clinic, Post-Graduate Hospital, 
New York, ete. Pp. 213; 16 illustrations. New York: Veritas Press, 
1939. Price, $3.00. 

The Medical Clinics of North America, Vol. 23, No. & (Boston Number, 
September, 1939). Pp. 302; illustrated. Philadelphia: W. B. Saunders 
Company, 1939. 

A timely symposium of 8 papers on sulphanilamide precedes 13 papers, mostly 
on diagnosis and treatment, on such diverse topics as diagnostic procedures in 
allergic diseases and human and social problems in caring for patients. 

A History of Tropical Medicine. Based on the Fitzpatrick Lectures de- 
livered before the Royal College of Physicians of London 1937-1938. In 
Two Volumes. By H. Harowp Scort, C.M.G., M.D., F.R.C.P., Lonp., 
D.P.H., D.T.M., and H. Camp, F.R.S.E., Director, Bureau of Hygiene 
and Tropical Diseases; Member of the Colonia) Advisory Medical Com- 
mittee, ete. Pp. 1165; illustrated. Baltimore: The Williams & 
Wilkins Company, 1939. Price, $12.50 per set. 

Die Funktion der Nebennierenrinde. By F. Venrzin, Professor der Physiol- 
ogie an der Universitat Basel. Pp. 266; 16 illustrations and 4 tables. 

Basel: Benno Schwabe & Co., 1939. Price, Fr. Sw. 25.00. 
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Tumors of the Skin. Benign and Malignant. By JosepH JorpAN ELLER, 
M.D., Attending Dermatologist, City Hospital, New York City; Consult- 
ing Dermatologist, French and Broad Street Hospitals, New York, ete. 
Pp. 607; 403 illustrations. Philadelphia: Lea & Febiger, 1939. Price, 
$10.00. 


Treatment of Some Common Diseases (Medical and Surgical). By Various 
Authors. Edited by T. Rowianp Hint, M.D. (Lonp.), M.R.C.P. 
(Lonp.), Physician to the Southend General Hospital; Assistant Physi- 
cian to the West End Hospital for Diseases of the Nervous System, etc. 
Pp. 398; 90 illustrations (several in color) and many z-rays. Baltimore: 
The Williams & Wilkins Company, 1939. Price, $5.00. 


Circulatory Diseases of the Extremities. By Joun Homans, M.D., Clinical 
Professor of Surgery, Harvard Medical School. Pp. 330; 29 text illus- 
trations and 13 plates. New York: The Macmillan Company, 1939. 
Price, $4.50. 


Psycho-Dynamics of Chewing. By H. L. HoLtuinawortn, Columbia Uni- 
versity. (Reprinted from Archives of Psychology, No. 239, R. 8. Wood- 
worth, Editor.) Pp. 89. New York: Archives of Psychology, 1939. 
Price, $1.50. 


Cesarean Section. Lower Segment Operation. By C. McInrosH Mar- 
SHALL, F.R.C.S. (EnG.), Honorary Assistant Surgeon, Liverpool Mater- 
nity Hospital, ete. Pp. 230; 107 illustrations and 2 colored plates. Balti- 
more: The Williams & Wilkins Company, 1939. Price, $6.50. 


Ophthalmology. By Burton Cuance, M.D. Vol. XX of Clio Medica. A 
Series of Primers on the History of Medicine. Pp. 240; 6 illustrations. 
New York: Paul B. Hoeber, Inc., 1939. Price, $2.00. 


Clinique et Pathologie Comparee, Vénéréologie —Cancérologie —Dermatoses 
—Médecine Générale—Phyto-Pathologie. By Louis Bory, Chef de 
Clinique de la Faculte de Medecine de Paris a |’H6pital, Saint Louis, 
Prix Duchenne de Boulogne, 1937. Pp. 239. Paris: Masson et Cie, 
1939. Price (paper), Fr. 50. 


NEW EDITIONS. 


Practical Obstetrics. By P. Brooke BLanp, M.D., Emeritus Professor of 
Obstetrics, Jefferson Medical College; Consulting Obstetrician, Jefferson 
Medical College Hospital, Philadelphia, and THappeus L. Montcomery, 
M.D., Clinical Professor of Obstetrics, Jefferson Medical College, Phila- 
delphia. Pp. 877; 502 illustrations, including 27 colored plates. Third 
Revised Edition. Philadelphia: F. A. Davis Company, 1939. Price, 
$8.00. 


Physiology in Health and Disease. By Car. J. Wiacers, M.D., Professor 
of Physiology in the School of Medicine of Western Reserve University, 
Cleveland, Ohio. Pp. 1144; 218 illustrations. Third Edition, thor- 
oughly revised. Philadelphia: Lea & Febiger, 1939. Price, $9.50. 


The popularity of this excellent work is demonstrated by the use that our shelf 
copy received, as well as by the appearance of a new edition within 2 years. ‘An 
idea of the extent of the revision can be gained from the following information: 
Over 1400 new references have been added, those to original articles appearing as 
footnotes, those to general reviews being grouped at the ends of chapters and refer- 
ence to them is made parenthetically in the text. It may be reémphasized that the 
purpose of such references is not to assign priority or to allot credit, but rather 
to furnish ‘leads’ to a more extensive bibliography. Whenever possible, the more 
recent references are given preference. The illustrations have been increased in 
number and many older ones replaced by new and better ones. Altogether 52 
new illustrations have been added. It is estimated that over one-third of the text 
has been completely rewritten, and the other parts have undergone numerous and 
significant changes.” 
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Infections of the Hand. By Lionex R. Firtevp, F.R.C.S. Ena., Late Sur- 
gical Registrar and First Assistant and Demonstrator of Anatomy, 
London Hospital, ete. Pp. 167; 57 illustrations, including 8 plates (2 
colored). Second Edition by Patrick CLarkson, F.R.C.S. Ena., Sur- 
gical Tutor, Guy’s Hospital; Demonstrator of Anatomy and of Operative 
Surgery, Guy’s Hospital Medical School. New York: Paul B. Hoeber, 
Inc., 1939. Price, $3.25. 

Blood Groups and Blood Transfusion. By ALEXANDER 8. W1eENER, A.B., 
M.D., Serologist and Bacteriologist in the Office of the Chief Medical 
Examiner of New York City. Pp. 306; 52 illustrations and 86 tables. 
Second Edition. Springfield, Ill.: Charles C Thomas, 1939. Price, 
$5.00. 

Synopsis of Pediatrics. By Joun Zanorsky, A.B., M.D., F.A.C.P., Pro- 
fessor of Pediatrics and Director of the Department of Pediatrics, St. 
Louis University School of Medicine, and Pediatrician-in-Chief to the 
St. Mary’s Group of Hospitals, assisted by T. 8S. Zanorsky, B.S., M.D., 
Instructor in Pediatrics, St. Louis University School of Medicine and 
Assistant Pediatrician to the St. Mary’s Group of Hospitals. Pp. 430; 
144 illustrations. Third Edition. St. Louis: The C. V. Mosby 
Company, 1939. Price $4.00. 

Textbook of Nervous Diseases. By Ropert BinG, Professor of Neurology, 
University of Basel, Switzerland. Translated and enlarged by WEBB 
HayMaker, Assistant Clinical Professor of Neurology and Lecturer in 
Neuro-Anatomy, University of California. Pp. 838; 207 illustrations (9 
in color). From the Fifth German Edition. St. Louis: The C. V. 
Mosby Company, 1939. Price, $10.00. 

This translation of the 5th revised edition of Bing’s Lehrbuch der Nervenkrank- 
heiten, having undergone some rearrangement and augmentation, is now better 
adapted to American and English usage. Emphasis is given to precise and detailed 
therapeutics. Thoroughly abreast of all that is new and important, its popularity 
will doubtless continue. 

Obstetrical Practice. By Autrrep C. Breck, M.D., Professor of Obstetrics 
and Gynecology, Long Island College of Medicine; Obstetrician and 
Gynecologist-in-Chief, Long Island College Hospital, Brooklyn. Pp. 
858; 1043 illustrations. Second Edition. Baltimore: The Williams & 
Wilkins Company, 1939. Price, $7.00. 

Physiological Chemistry. A Text-book for Students. By A.serr P. 
Matuews, Pu.D., Andrew Carnegie Professor of Biochemistry, The 
University of Cincinnati. Pp. 1488; 113 illustrations. Sixth Edition. x 
Baltimore: The Williams & Wilkins Company, 1939. Price, $8.00. a 


Stedman’s Practical Medical Dictionary of words in medicine with their 
derivation and pronunciation including dental, veterinary, chemical, 
botanical, electrical, life insurance and other special terms; anatomical 
tables of titles in general use, the terms sanctione by the Basle Anatomical 
Convention; the New British Anatomical Nomenclature; pharmaceutical 
preparations official in the U. S. and British Pharmacopceias or contained 
in the National Formulary; and comprehensive lists of synonyms. By 
Tuomas Laturop STepMAN, A.M., M.D., Editor of the Twentieth Cen- 
tury Practice of Medicine; of the Reference Handbook of the Medical 
Sciences, etc., and Stantey THomas Garser, B.S., M.D. Pp. 1303; 
illustrated. Fourteenth Revised Edition with Etymologic and Ortho- 
graphic Rules. Baltimore: The Williams & Wilkins Company, 1939. 
Price, $7.50 with Thumb Index, $7.00 without Index. 

Shortly before Dr. Stedman's death in 1938 he persuaded his nephew to collabor- 
ate with him in the revision of this edition, the continuance of which it is hoped 
will be thus assured. It contains the usual number of new words necessitated by 
medical progress, especially in the fields of hormones, vitamins, and new chemical 
compounds. It is to be hoped that in this excellent dictionary Stedman's influence 
on the improvement of medical orthography will be continued. 


t- 
te. 
e, 
us 4 
Pp 
e: 
al 
S- 
ig 
i 
) 
oy 
a 
| 
- 
4 


PROGRESS 
MEDICAL SCIENCE 


OTO-RHINO-LARYNGOLOGY. 


UNDER THE CHARGE OF 
JOSEPH C. BECK, M.D., 
ASSOCIATE PROFESSOR EMERITUS, DEPARTMENT OF OTO-LARYNGOLOGY, UNIVERSITY 
OF ILLINOIS, COLLEGE OF MEDICINE, 


AND 


NOAH D. FABRICANT, M.D.. 
INSTRUCTOR, DEPARTMENT OF OTO-LARYNGOLOGY, UNIVERSITY OF ILLINOIS, COLLEGE 
OF MEDICINE, CHICAGO, ILLINOIS. 


URGENT SURGERY. 


No more important exigencies exist in medicine than an unusually 
severe hemorrhage from the nose or throat, or an acute laryngeal 
obstruction. Such occurrences, often tempered by an onset that is 
both sudden and dramatic, call for cool judgment and occasionally for 
unparalleled rapidity of action in order to correct the urgent and press- 
ing need for relief. Here the indications for therapeutic action are 
unequivocal, uncompromising and insistent. There is, on the other 
hand, an entire group of oto-rhino-laryngologic events which possesses 
one saving grace, that of permitting the surgeon a limited period of time 
for adequate study, diagnosis and for the decision to intervene surgically 
at an optimum time interlude. These relative urgencies— intubation, 
foreign bodies in the tracheobronchial tree and in the esophagus, occa- 
sionally tracheotomy, carotid and jugular ligation, retropharyngeal 
abscess, mastoiditis, osteomyelitis and meningitis, to name an important 
few—do not countenance deliberate procrastination. For to procras- 
tinate is to invite possible disaster; to act courageously is to succeed 
in cases which otherwise might appear hopeless. Although urgent 
surgery has commanded the attention of surgeons everywhere for 
centuries, it is unfortunate that the Quarterly Cumulative Index Medi- 
cus fails to list those numerous cases which so appropriately fall under 
the heading ‘Urgent Surgery.” 

While fatal hemorrhage from the throat occurs comparatively infre- 
quently, still it does occur too frequently. Many patients die from 
hemorrhages that are unannounced, sudden and overwhelming—but 
avoidable. Free active hemorrhage from the throat, with or without 
apparent inflammation, requires not local treatment but bold external 
operative measures. Thus, in their thoughtful analysis of 6 cases of 
pharyngomaxillary infection, White and Hubert® assert that if any 
doubt exists regarding erosion of the internal carotid artery, the external 
carotid and the ascending pharyngeal arteries should be ligated and a 
loose ligature placed around the common carotid artery. Ligation of the 
common carotid artery, when it is done slowly (in minutes, not seconds) 
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and with an attempt actually to prevent the flow of blood beyond the 
ligatures, is a life-saving procedure, as compared to temporizing methods 
of operation by the intrapharyngeal route. That spontaneous hemor- 
rhage into the maxillary sinus occurs as a complication of hyperplastic 
maxillary sinusitis is revealed by Hall and Thomas.’ No underlying 
general systemic or vascular disease was found concurrent or coéxistent 
with the hemorrhage taking place in a series of 12 patients. Although 
an external radical operation on the antrum was performed with suc- 
cessful results in 10 of the 12 patients, they are now convinced that if 
the literature had been sufficiently clear they could have avoided radical 
surgical intervention in all but one of the cases. In this case the hemor- 
rhage was so severe that the patient’s hemoglobin was down to 58%. 
It is in this type of case that an operation, which has as its purpose 
control of the hemorrhage and complete inspection of the endoantrum, 
is a rational procedure. In a brief discussion of the emergencies in ear, 
nose and throat, Kully” rapidly reviews the therapeutic measures 
employed in nasal hemorrhage, the control of postoperative tonsil and 
adenoid hemorrhage, the fractured nose and acute laryngeal obstruc- 
tion. 
An acute laryngotracheobronchitis occurring in an eleven-month-old Ne 
infant girl is described by Cassidy.‘ Relief following tracheotomy was 
transient, in spite of continued use of the oxygen tent. Efforts to im- 
prove aération by means of aspiration of the trachea through the tra- 
cheotomy tube gave only temporary relief. Eventually, repeated bron- 
choscopic inspection through the tracheotomy wound to relieve cyanosis 
and dyspnea assumed a prominent part in maintaining life. Broncho- 
scopic aspiration was deferred each time as long as possible and re- 
sorted to only when the patient’s condition was alarming and the clear- 
ing of the airway was imperative. A total of 38 aspirations—each pro- o 
cedure commandingly urgent —was done over a period of 13 days before ; 
dyspnea ceased. Acute laryngeal stenosis in children with urgent 
laryngeal dyspnea requires intubation or tracheotomy for immediate 
relief. Patterson'® believes that there are no contraindications to 
tracheotomy for obstructive laryngeal dyspnea. When properly per- 
formed, complications are rare and stenosis of the larynx does not 
result directly. Although in most cases stenosis is the result of faulty 
tracheotomy, it is paradoxic that the first step in its correction of a | 
stricture is a repetition of the tracheotomy procedure. Weinstein 
reports 3 cases, each of which presented the symptom of obstructive at. 
laryngeal dyspnea, but in each of which the fundamental etiology was 
different; namely, hypopharyngeal foreign body in an infant, with aes 
occlusion of the laryngeal lumen; streptococcic laryngotracheitis in a cs 
child with edema of the larynx; and edema of the larynx, complicating 
agranulocytic angina following sulphanilamide therapy. The first case 
died before a tracheotomy could be done, the second had a successful 
termination following tracheotomy, and the third died on the table in 
spite of a tracheotomy. In the treatment for stenosis in bilateral abduc- 
tor paralysis of the larynx, Rawlins'* presents a successful unilateral 
operation. Certain modifications of the principles suggested by Loré’s 
anatomic study were used. The operated cord was moved not only to 
an external position, but was also maintained on a definitely lower 
level than the operated side. In analyzing 127 cases of laryngotracheo- 
bronchitis Richards'® found that there were 37 deaths. In the tracheot- 
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omized cases the mortality was 51%. Despite the high mortality, 
tracheotomy is considered the method of choice, for if the condition 
is permitted to go on until it is an obstructive emergency or the patients 
are toxic and exhausted, hope of recovery is slight. 

The causes of esophageal rupture are enumerated by Hunt'! as being 
due to foreign bodies, faulty instrumentation and malignant tumors. 
He analyzes 20 cases of upper mediastinal involvement following per- 
foration. The diagnosis of cervical periesophageal abscess was con- 
firmed in each case by roentgenogram. Sixteen of the 20 cases were 
operated on and external drainage established, with 12 recoveries and 
4 deaths. Four cases were treated conservatively. The unoperated 
vases died. He claims that early drainage of the infected area is defin- 
itely indicated. The mortality is low if drainage is thoroughly estab- 
lished while the infection is localized in the region of the perforation. 
Untreated cases are fatal if a real abscess has developed. External 
operation and drainage is more thorough and effective than intra- 
esophageal drainage. Procrastination in operating means disaster, 
boldness means recovery. Butler* and his associates emphasize the 
need for educating the medical profession and the laity regarding the 
dangers due to aspirated foreign bodies. Prompt diagnosis and prompt 
removal of foreign bodies are of the utmost importance. Prolonged 
residence, without bronchial obstruction or trauma to lung parenchyma, 
may be well tolerated; but prolonged residence with bronchial obstruc- 
tion is tolerated poorly and leads first to acute suppurative pneumonitis, 
and later, if the patient survives, to chronic bronchiectasis. Acute 
suppurative pneumonitis carries a high mortality and bronchoscopic 
efforts are not well tolerated. Bronchiectasis is incurable save by 
radical surgery. 

Pus deep in the neck calls for the surgeon’s best judgment, skill and 
courage. Delay in early and courageous treatment of deep infections 
of the neck may prove dangerous. Orton" and Pearse'’ emphasize the 
hazards of treating all cervical infections conservatively until fluctua- 
tion occurs, for in some cases surgery at an early stage is necessary to 
save life. However, it is just as dangerous to operate prematurely 
on a localizing infection as to withhold operation after involvement of a 
fascial space. Grodinsky® concludes from an anatomic and clinical 
study of retropharyngeal and lateral pharyngeal abscess that the 
treatment of these serious conditions is chiefly surgical —that is early and 
adequate drainage. Four cases of Ludwig's angina, all of which were 
cured by operative intervention, are described by Fabricant.’ He 
believes that only early diagnosis and prompt operation can save the 
life of the patient with Ludwig's angina. A transverse incision is em- 
ployed in the infiltrated area for wide exposure of the involved tissues. 
When necessary, the incision may extend around the entire circumfer- 
ence of the mandible; thus injury to the facial artery and veins is 
avoided. The infiltrated muscles are cut transversely and the sublingual 
space widely opened up. Wessely® maintains that inflammatory dis- 
eases of the cellular tissue spaces of the neck are particularly dangerous 
because the anatomy of this region favors direct propagation of the 
infection to the mediastinum, middle cerebral fossa and the circulation. 
Since endocranial infection can be helped only in the beginning, imme- 
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diate surgical intervention is indicated in infection of the parapharyn- 
geal space as soon as the diagnosis is made. 

Due to the popularity of automobiles, aeroplanes and other rapidly 
moving conveyances, accidents to the head and neck have increased 
proportionately. Injuries to the larynx have become more common. 
Lacerations are often deep, with resulting deformity and stenosis. 
Looper" proposes an operative procedure in which the hyoid bone is 
utilized as a graft in the treatment of laryngeal stenosis in selected 
cases. The principle depends on embedding the left end of the attached 
hyoid bone between the incised thyroid cartilage, to act as a wedge in 
enlarging contractures and deformities of the larynx and to permit 
a better airway. The term “compound injuries of the face”’ is applied 
by Brown* to designate any serious facial injury to soft tissues or bone. 
Automobile injuries are often of this type and are frequently as bizarre 
as those of firearm injuries. There may be cranial and cervical-spine 
injuries complicating the facial injury. It is best to care for these 
wounds and fractures in the first 12 to 24 hours, before swelling, organ- 
ization of the clots, and infection have occurred. If seen later, manipu- 
lation of the parts can be delayed, but the soft parts may still be approx- 
imated. In a symposium on head trauma Whitham*’ states that 
fractures of the bones of the face are more frequent than ever before. 
Unless the patient is in a dying condition, an immediate attempt should 
be made to correct the bony deformity in most cases. Wounds of the 
frontal bone should be carefully explored for depressed fractures, such 
depressions relieved and the cases treated on general surgical principles. 
Fractures of the upper jaw are nearly always associated with fractures 
of other bones of the face, and conversely, fractures of the bones of the 
face are nearly always associated with fractures of the upper jaw. 
Gerrie’ reflects upon his experiences with 100 cases of nasal fractures 
and discusses such matters as anesthesia, the technique of reduction, 
interna! splinting and external splinting. He feels that repositioning 
of the fragments in a nasal fracture becomes increasingly difficult and 
less certain as time elapses, and so, regardless of swelling or laceration, 
is done as soon after the injury as is expedient. 

After studying 15 cases of proved thrombophlebitis of the sigmoid 
sinus and jugular bulb, Druss® advances the opinion that the basic 
principle implied in the surgical treatment of sinus thrombosis (7. ¢., 
eradicating the focus in the bone and in the sigmoid sinus and attempt- 
ing to seal off the infection from the blood stream by ligation of the 
jugular vein and by obliteration of the sinus beyond the apparent site 
of disease in the vein) is still fundamentally sound. At times he feels 
that it is advisable to modify or omit one or all of the steps. Smith” 
writes that bilateral thrombophlebitis of the lateral sinuses complicat- 
ing bilateral acute mastoiditis occurs more frequently than one would 
judge from the literature. Patients with this condition usually present 
a desperate picture, and there is no doubt, judging from the recoveries 
reported, that many of them may be saved if the sinuses are blocked 
and the veins tied, and that if this is not done the condition is likely 
to terminate fatally. The necessity for early recognition of meningeal 
irritation, the institution of prompt surgical intervention for the removal 
of the focus and the value of sulphanilamide are advocated by Bowers! 
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in describing the operative treatment of otitic meningitis. Hirst'® 
reports 2 cases of osteomyelitis of the skull complicating mastoiditis 
and frontal sinusitis. In analyzing the records of published cases, he 
finds that this tragic sequel to mastoiditis or frontal sinusitis has occurred 
in cases in which there was no surgical intervention and in others in 
which it was thought that there was too little or too much surgical 
intervention. In general, he believes that once diagnosis has been 
established, radical operation with wide resection of bone should be 
done for a cure. 

Maintaining that acute osteomyelitis of the superior maxilla in chil- 
dren requires early operative intervention, Lacy and Engel" state that 
drainage should be established primarily through the mouth and sec- 
ondarily through the antrum of Highmore. Maxillary sinusitis is a 
complication of the osteomyelitis rather than a cause of it. The prog- 
nosis is not bad when there is early surgical intervention. In an excel- 
lent review of the reported cases of meningitis from the sphenoid sinus, 
Teed* concludes that while the sphenoid sinus is involved in about 15% 
of clinical cases of sinusitis and in 33% of pathologic cases, it is never- 
theless responsible for approximately 35% of all rhinogenous intra- 
cranial complications. He expresses the hope that the future manage- 
ment of these cases of serious involvement will be more radical and 
successful. Malignant melanoma must be considered in cases in which 
papilloma occurs in the anterior part of the nasal cavity, springing 
either from the turbinates or from the floor of the nose. Smith*® de- 
scribes his experiences with 2 cases of primary melanoma of the nasal 
cavity. In both cases the growth of the primary lesion was slow com- 
pared to the rapid dissemination of the metastatic tumors. This indi- 
cates that a more complete removal of the tumor, with a wide margin 
of normal tissue, would offer an excellent chance of cure. Wide expo- 
sure and removal by means of an external approach should be carried 
out as soon as the diagnosis has been confirmed by careful histologic 
study. In surveying the optic nerve complications of accessory nasal 
sinus disease, Strauss and Needles” state that although they are mind- 
ful of the frequency of multiple sclerosis as a cause of retrobulbar neuri- 
tis, of the large percentage of these cases that spontaneously recover 
with or without conservative nasal treatment, and mindful of the fact 
that diseased sinuses may erroneously be incriminated as the cause 
of a host of conditions, they nevertheless believe that in some cases 
operative intervention is indicated. If the rhinologist concludes that 
the sinuses are diseased, and no other cause for the neuritis is present, 
the authors, as neurologists, favor eradication of the focus. Especially 
if continued observation shows progression in the visual impairment. 

Noau D. Fapricant, M.D. 
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CHEMICAL TRANSMISSION OF NERVOUS IMPULSES. 


AppuicaTion of the principles of chemical transmission of nervous 
impulses to the elucidation of the pathologic physiology of myasthenia 
gravis and myotonia congenita, with the resulting better understanding 
of the action of therapeutic agents in these diseases, has directed the 
attention of clinical neurologists toward the evidence on which this 
theory of nervous activity rests. 

The mode of transmission of the nervous impulse across the synapse, 
and from the nerve ending to the effector organ, has always been diffi- 
cult to explain on the basis of a physical, or electrical concept. The 
lack of continuity of the tissues involved, and the unidirectional char- 
acter of the flow, have not been easily fitted into any such theory so 
far evolved. Thus a stimulus was provided for a search for some other 
mode of transmission more in keeping with knewn physiologic laws. 

After the discovery of the remarkable activity of extracts of the 
suprarenal gland by Schafer in 1894, with the subsequent isolation of 
epinephrine as the active constituent, it was soon apparent that this 
substance on injection showed effects closely parallel to those produced 
by sympathetic stimulation. These effects were antagonized in both 
cases by ergotoxine. That the effect of epinephrine is on the effector 
cells, and not on the nerves, is shown by the fact that it persists after 
degeneration of all nervous elements. More recently, Cannon and his 
co-workers have shown that this substance is produced on stimulation 
of sympathetic nerves at their endings, and although they are not 
ready to state that the substance produced on stimulation is actually 
epinephrine, and prefer to call it “sympathin,” there can be no doubt 
that a very close relationship prevails. Thus we have a well-estab- 
lished chemical mediator of postganglionic sympathetic impulses, the 
existence of which is conceded by all. 

Roughly paralleling the growth of knowledge of this mediator of 
sympathetic impulses, more and more was being learned about a sub- 
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stance that reproduced parasympathetic stimulation. In 1914 Dale’ 
isolated from ergot a compound which he found to possess two distinct 
and important actions. First, he demonstrated an action similar to 
that of muscarine; that is, effects paralleling those of parasympathetic 
stimulation, and of fleeting duration, antagonized by atropine. Second, 
and distinct from the parasympathetic action, he found the substance 
to stimulate voluntary muscle and all autonomic ganglia; in other 
words, an action similar to that of nicotine. Important as these dis- 
coveries were from the pharmacologic aspect, the fact that the sub- 
stance was not elaborated by any of the glands of internal secretion, as 
was the case with epinephrine, or even at that time demonstrated in 
the animal body, prevented its réle in nervous transmission from being 
so readily appreciated. 

First definite proof of chemical mediation of both sympathetic and 
parasympathetic impulses was the result of simple but fundamental 
experiments reported by Loewi.'® The vagus nerve to the heart of 
the frog contains both parasympathetic fibers which slow the heart, 
and sympathetic fibers which cause its acceleration. Which of these 
effects will predominate at any time depends on the functional state 
of the preparation and the season. Loewi found that if he placed the 
effluent from one isolated heart after vagus stimulation into a similar 
preparation which had not been stimulated, the second unstimulated 
preparation behaved identically as had the stimulated one, whether 
this had consisted of acceleration or slowing. Moreover, he found that 
if the first preparation were treated with atropine or ergotoxine, the 
slowing or acceleration was not manifest, but that these actions did 
become apparent when the effluent was transferred to the second 
preparation not so treated. The most important part of his contribu- 
tion was, however, that he identified the substance causing the slowing 
as a labile choline ester, which he showed to have all the properties of 
acetylcholine as described by Dale 7 years before. Further than this, 
he demonstrated that the fleeting action of the substance was due to 
its rapid splitting by an esterase, and that the long recognized action 
of physostigmine in prolonging and intensifying parasympathetic action 
was due to its ability to render this esterase inactive, and thus delay 
the breakdown of the acetylcholine. Thus a tool was provided whereby 
the extremely labile mediator could be preserved for experimental 
identification. Much of the subsequent work has been made possible 
by this maneuver, with the use of leech muscle as a very sensitive 
indicator of the presence of the acetylcholine. Subsequently, it has 
been shown by Stedman and Stedman" that this esterase is highly 
specific for choline esters, and that not only physostigmine but other 
chemically related compounds are capable of inactivating it, presumably 
by combining with its reactive groups. 

As yet, this intriguing agent had not been demonstrated in the animal 
body, a definitely weak link in the chain of circumstances favoring its 
consideration as a chemical mediator. It remained for Dale to isolate 
it in relatively large amounts from the spleen of the horse. When this 
was followed by its recovery in crystalline form from the brain by 
Stedman and Stedman, its presence in nervous tissue, if not its réle in 
nervous transmission, was definitely established. 

Thus was fairly definitely established the chemical nature of trans- 
mission of nervous impulses at the autonomic nerve endings, with 
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epinephrine or “sympathin”’ and acetylcholine as the chemical media- 
tors. Interest was renewed in the somewhat arbitrary division of the 
autonomic system into sympathetic and parasympathetic, and Dale 
put forward the very useful concept of a more rational division of 
autonomic nerve fibers into “cholinergic,” being those which on stimu- 
lation gave a response characteristic of that to acetylcholine, and 
“adrenergic,” those which gave an epinephrine-like response. The 
effects of the former are antagonized by atropine, of the latter, by 
ergotoxine. There are some rather striking differences between this 
and the anatomic classification. Thus the sweat glands, with innerva- 
tion from the sympathetic, are cholinergic rather than adrenergic. 

The characteristics of the time relationships of formation and destruc- 
tion of both proposed chemical mediators are quite in keeping with the 
rather slow onset and relatively persistent action associated with auto- 
nomic activity, especially in the periphery. We must remember, 
however, that Dale found, besides its muscarine-like activity, which 
accounted nicely for the parasympathetic activity, that acetylcholine 
had a nicotine-like activity, stimulating ganglion cells and voluntary 
muscle fibers. Thus it is not too surprising to find stimulation of the 
perfused cervical sympathetic ganglion of the cat, when treated with 
physostigmine, showing the presence of acetylcholine in the effluent. 
This is, indeed, precisely what was found by Feldberg and Gaddum.’ 
Although this finding has been controverted by Lorente de No,'' who 
stated that the acetylcholine appeared only as a result of injury, and 
also was present without stimulation, thus falling in the category of a 
general metabolite rather than a chemical mediator, the recent careful 
work of MacIntosh” seems to show fairly conclusively that if any 
artefact existed, it was in Lorente de No’s experimental procedure 
rather than in the original work. Moreover, it has been shown by 
Feldberg and Vartiainen’ that the elaboration of acetylcholine occurs 
only on stimulation of the preganglionic fibers to the ganglion, account- 
ing for unidirectional conduction at the synapse. 

While acetylcholine is very labile, choline esterase is quite stable, 
persisting undiminished for 48 hours after death of tissues. Since this 
enzyme is so specific for choline esters, it would seem reasonable to 
suppose that it would be concentrated in the body where it might 
have a useful function to perform, that is, where nerve impulses would 
be forming acetylcholine. Thus it is a reasonable assumption that the 
amount of choline esterase present is a fair indication of the production 
of acetylcholine. That this is indeed so has been shown by Nachman- 
sohn,'*~ who has demonstrated very nicely that the amount of choline 
esterase present in tissue is directly related to the number of synapses 
or terminal nerve fibers present. He has also shown that the amount 
of esterase in an autonomic ganglion is adequate to split the amount of 
acetylcholine that would be expected to be formed as the result of 
stimulation, in a period corresponding to the refractory period of the 
preparation. Thus chemical transmission across synapses in the ganglia 
can be adequately explained with acetylcholine as the mediator. 

It remained for Brown and his co-workers! * to show that the other 
nicotine-like action of acetylcholine, stimulation of voluntary nerve 
fibers, is also utilized in the animal body. Ordinary application of 
acetylcholine to a mammalian muscle preparation is effective in causing 
a slow contracture, but no rapid twitch such as is characteristic of a 
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single nervous volley. However, if the acetylcholine is injected intra- 

arterially into a muscle devoid of blood, and so effects a fairly high 
immediate concentration therein, such a twitch is seen. This is readily 
understandable, as in the physiologic state, a nerve impulse might be 
expected to effect a high concentration of acetylcholine in a very small 
area, that is at the motor end plate, while the concentration of acetyl- 
choline in the muscle as a whole would be very small, because of the 
relatively minute amount of muscle bulk occupied by the end plates. 
In accord with this, Nachmansohn™ has found in the frog sartorius, 
where all the end plates are concentrated in a small portion of the 
muscle, a high concentration of choline esterase in that portion with 
very little elsewhere in the muscle. He has also shown that here again 
the amount of esterase present is adequate to accomplish splitting of 
the acetylcholine in the very short refractory period of the muscle. 
Thus the preponderance of evidence is at least compatible with the 
acceptance of acetylcholine as the chemical transmitter of nerve im- 
pulses from the motor nerve to the voluntary muscle fiber. 

Whether acetylcholine will be found to be important in the trans- 
mission of nerve impulses across synapses in the central nervous system 
remains to be seen. The evidence available at present, although favor- 
able to such a concept, is as yet too fragmentary to be more than sug- 
gestive. Stedman and Stedman have isolated acetylcholine from brain 
tissue, while Nachmansohn has shown the concentration of choline 
esterase in various parts of the brain to be proportional to the number 
of synaptic connections present. It has also been demonstrated that 
there is in the cortex an enzymic system capable of synthesizing acetyl- 
choline aérobically.“ Nor is the mode of transmission even where 
acetylcholine is generally conceded to be the mediator entirely clear. 
Just how the liberation of the effective concentration of acetylcholine 
is achieved is not evident. Two possibilities suggest themselves: 
synthesis of the compound, or its liberation from an inactive state. 
Both have their supporters, but evidence is scanty. It is, however, 
known that in the passage of an impulse along a nerve fiber there is an 
accumulation of potassium ions on the surface of the axone, and it has 
been demonstrated that the addition of potassium in the ganglion causes 
a liberation of acetylcholine.® 

The practical application of the réle of acetylcholine in transmission 
of nerve impulses from motor nerve endings to voluntary muscle fibers 
has been in relation to the two conditions, myasthenia and myotonia.** 
These conditions present diametrically opposed pictures. In myas- 
thenia, there is a defect in muscular contraction, with easy fatigability, 
while in myotonia there is a defect in relaxation. It is well known that 
in myasthenia the administration of physostigmine, and even more so 
of the synthetic homologue prostigmine, effects a prompt and striking 
restitution of muscular power in a few minutes, of a few hours’ duration. 
If we assume that the basic difficulty is one of balance between libera- 
tion of acetylcholine and its destruction by choline esterase, it is easy 
to see that prostigmine, by inhibiting the latter reaction, will favor the 
maintenance of an effective level of acetylcholine for stimulation of 
muscular contraction. Thus the activity of prostigmine in this con- 

dition can be satisfactorily explained. Not explained, however, is 
whether the imbalance is due to deficient acetylcholine liberation or 
increased esterase activity. The fact that there cannot be demonstrated 


NEUROLOGY AND PSYCHIATRY 861 


in the muscle as a whole any increase in esterase activity does not 
necessarily mean that the esterase activity at the nerve endings is not 
pathologically increased, although there is a preponderance of evidence 
in favor of a deficiency of acetylcholine formation as the fundamental 
difficulty, or even a depression of muscular excitability by a curare-like 
substance. In support of this hypothesis, administration of stable 
choline esters, as carbaminoy] choline chloride and mecholy], is effective 
in relieving the weakness of myasthenia, the action coming on slower 
but being more lasting than with prostigmine. Quinine has been 
shown to increase the weakness of patients with myasthenia; in fact, 
its use may be of diagnostic value. This is due probably to its known 
curare-like action, which depresses the activity of the muscle cells, and 
makes them even less liable to stimulation by the deficient concentration 
of acetylcholine present. 

That there is a superabundance of acetylcholine present at the motor 
nerve endjngs in myotonia has not been demonstrated. However, the 
condition can be to a certain extent reproduced in muscle poisoned by 
physostigmine, and thereby sensitized to acetylcholine. Thus we would 
expect patients with myotonia to be made worse by the administration 
of prostigmine, and this is indeed the case. In this condition quinine 
is effective in bringing about some degree of improvement, by the same 
curare-like action which makes the myasthenia patient worse after 
quinine administration. 

Thus we have two diseases, diametrically opposed in symptomatology, 
which respond in opposite manner to quinine and physostigmine, and 
thus present themselves as excellent biologic preparations for further 
work in elucidation of the mechanism of nervous transmission. As to 
the therapeutic possibilities, not so much can be said. The prolonged 
administration of quinine in large doses in the case of myotonia is 
effective in giving a considerabie degree of relief of symptoms, although 
what its effect on the ultimate progress of the disease may be remains 
to be seen. Prostigmine is effective in myasthenia, dramatically if given 
parenterally. It must be frequently repeated, and there is evidence 
to suggest that over a prolonged period it loses its effect. It is the 
opinion of some® that its use in no way influences the ultimate course, 
and may in fact accelerate it. By mouth, although less effective, it 
seems not to be harmful. The administration of stable choline esters 


merits further trial. 
Henry W. Newman, M.D. 
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Quantitative Studies of the Rate of Passage of Protein and Other 
Nitrogenous Substances Through the Walls of Growing and of Mature 
Mammalian Blood Capillaries. Richarp G. Ape.i (Laboratory of 
Anatomy, University of Pennsylvania). Information concerning the 
rate of passage of nitrogenous substances through the walls of growing 
blood capillaries was secured with “‘moat’’ chambers inserted in rabbit’s 
ears. In such chambers the growing capillaries can be observed with the 
microscope, their condition recorded, and their area calculated. Nitro- 
genous substances, after having passed through the walls of these capil- 
laries, diffuse into a moat, or reservoir, of known volume, from which 
they can be removed and analyzed quantitatively. 

(1) Analyses were made of the total nitrogen that entered the moat 
during the first 24 hours following the introduction into the moat of a 
mammalian Ringer’s solution. (2) The total surface of the capillaries 
involved was obtained from measurements of length and diameter. 
From these two sets of data the calculated amounts of total nitrogen 
that passed through per sq. mm. of endothelial surface per 24 hours 
were, in six different chambers, as follows: No. 1, 0.091 mg.; No. 2, 
0.113 mg.; No. 3, 0.102 mg.; No. 4, 0.097 mg.; No. 5, 0.046 mg.; No. 6, 
0.081 mg. 

The slower rate of passage of these substances through the walls of 
the growing capillaries in Chamber No. 5 was associated with a slower 
rate of circulation in this chamber as observed directly with the micro- 
scope. 

A part of the nitrogenous substances found within the moats of these 
chambers was protein. Assuming that this protein was not synthesized 
extravascularly, and using calculations similar to those described above, 
in the one chamber in which protein analyses have so far been made 
(Chamber No. 3), but basing the estimation on a collection period 48 
hours in length, protein nitrogen came through at the rate of 0.039 mg. 
per sq. mm. of capillary surface per 24 hours. This compares with the 
figure for total nitrogen of 0.102 mg. Thus of the total nitrogen that 
came through the walls of the growing capillaries in this chamber per 
24 hours, approximately } was protein nitrogen. 

The results secured with a new type of chamber, the “filter disc’”’ 
chamber, indicate that protein accumulates less rapidly in the moat 
when the capillaries are mature than when they are growing. 


Hypophysis in Protein Metabolism. K. E. Pascuxis (Medical Re- 
search Laboratory, Samuel S. Fels Fund, Philadelphia). In previous 
experiments (with A. M. Schwoner) a method for testing regulation of 
protein metabolism was found. A gelatine test meal is followed by a 
marked rise in blood amino N. If a second gelatine test meal is given 


PHYSIOLOGY 863 


3 hours after the first there is normally no second rise of blood amino N 
or only a very small rise. Cases of pituitary cachexia (Simmonds’ dis- 
ease) tested in this way showed a marked rise of blood amino N following 
the second gelatine test meal. One of the factors responsible for the 
normal regulation is the pituitary. 

It is known that alkaline pituitary extracts containing growth hor- 
mone influence protein metabolism. We were able to confirm the find- 
ings of previous authors that such pituitary extracts produce a drop in 
blood urea N and blood amino N in rats, dogs or guinea pigs. 

As we had found in our investigations with the double gelatine test 
meal that a factor of pituitary origin comes into action after a protein 
meal, we next attempted to trace this factor. Human individuals were 
put on a diet very rich in protein for 3 days and for 3 days on a carbo- 
hydrate-fat diet practically lacking protein. After protein feeding, 
urine and alcoholic urine extracts injected into rats led to a drop of 
urea N and amino N in the rats’ blood. This effect was absent when 
urine after carbohydrate-fat diet was used for injection. 

These results together with the results of previous experiments 
mentioned above make it very probable that the factor we have traced 
in the urine after protein feeding is the pituitary factor (hormone) 
active in protein metabolism. We have some reason to doubt whether 
this factor is identical with the growth hormone. 

A further analysis seems to prove that this factor not only enhances 
anabolism of higher protein constituents from amino acids, but at the 
same time inhibits catabolism of amino acids and urea formation. 


The Structure of the Mammalian Carotid Sinus and Adjacent Arter- 
ies. WiiitaM H. F. Appison (Department of Anatomy, University of 
Pennsylvania). The carotid sinus is the first part of the internal carotid 
artery, at the bifurcation of the common carotid artery into the external 
and internal carotid arteries. The structure of the sinus is character- 
ized by the thinness of its walls, the presence of much elastic tissue and 
the lack of muscle in its tunica media. The transition region, where the 
elastic-walled sinus continues into the muscular internal carotid artery, 
is characterized by a sudden narrowing of the external diameter and 
of the lumen, and by an abrupt thickening of the vascular wall. This 
thickening is due chiefly to the appearance of great masses of smooth 
muscle, circularly arranged and replacing most of the elastic tissue. 
This arrangement of tissues in the carotid sinus has been seen in a num- 
ber of mammals, including the opossum, deer, cat, dog, rhesus monkey, 
and a newborn child. 

The structural arrangement seen in the wall of the carotid sinus is 
found at the beginning of neighboring arteries. The first branch of the 
external carotid artery in the dog is the occipital artery. The beginning 
of the occipital artery is somewhat dilated and its wall is composed 
chiefly of elastic tissue. From these similarities to the carotid sinus, 
the first part of the occipital artery might be termed the “occipital 
sinus.” From the “occipital sinus” arises a branch, also elastic in 
structure, and from this branch comes the artery which supplies the 
carotid body. The artery to the carotid body is likewise elastic, non- 
muscular in structure. In each of these arteries the elastic tissue in the 
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middle coat is replaced by smooth muscle as soon as it has given off its 
elastic walled branch. There is thus a little system of arteries in the 
locality of the carotid sinus which have elastic walls, similar to those 
of the carotid sinus. 


Experimental Hypertension in Nephrectomized Parabiotic Rats. 
A. Jerrers, M. Aucust Linpaver, Paut H. Twapp and 
CHARLES C. Wo.rertH (Edward B. Robinette Foundation, Medical 
Clinic, Hospital of the University of Pennsylvania, and the Morris W. 
Stroud, Jr. Fellowship in Cardiology of the Pennsylvania Hospital). 
Litter-mate male rats were joined in parabiosis when they were 20 to 30 
days old. Successive nephrectomies were performed until only one 
kidney remained to function for both animals. 

Nineteen pairs of rats so prepared were observed daily with particular 
reference to changes in blood pressure. In the last 4 days of their lives 
the totally nephrectomized rats showed a significantly preponderant 
incidence of hypertension, as compared with their mates having one 
kidney. During the same period of survival, only the totally nephrec- 
tomized animals also developed increasing azotemia and weight loss. 

In a second series of 11 pairs, the totally nephrectomized animals all 
showed a larger blood volume than the rats retaining one kidney. It 
is suggested that the hypertension occurring late in the survival period 
of totally nephrectomized rats living in parabiosis is due primarily to an 
increase in blood volume. 


Notice to Contributors. Manuscripts intended for publication in the AMERICAN 
JOURNAL OF THE MeEpIcAL ScrEeNCES, and correspondence, should be sent to the 
Editor, Dr. Epwarp B. KrumBHaAar, School of Medicine, University of Pennsylvania, 
Philadelphia, Pa. 


Articles are accepted for publication in the AMERICAN JOURNAL OF THE MEDICAL 
Sciences exclusively. 


All manuscripts should be typewritten on one side of the paper only, and should be 
double spaced with liberal margins. The author's chief position and, when possible, 
the Department from which the work is produced should be indicated in the subtitle. 
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Style Book should be followed. It is important that references should be numbered 
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first author and should be complete, that is, author’s name, journal, volume, page 
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When blood pressure rises to dangerous heights, 
you can depend on HEPVISC to reduce it quickly, 
safely and in many cases over a prolonged period. 


Clinical tests prove that HEPVISC caused a marked decrease in blood 
pressure during the period of its use, and that this hypotensive effect per- 
sisted for weeks after its withdrawal. It also afforded outstanding relief of 
hypertensive headache, dizziness and tinnitus in over 80% of cases. 


HEPVISC is a synergistic combination of Viscum album (European Mistle- 
toe), hepatic and insulin-free pancreatic extracts. It is much to be preferred 
to the nitrites and other depressing drugs. 


Prescribe 1 to 2 tablets three times daily, one-half hour before meals. 
Best results are obtained when medication is given in courses of two to three 
weeks, allowing a week’s rest interval between courses. 


Supplied in bottles of 50 and 500 tablets. 


Liberal samples to physicians on request 


ANGLO-FRENCH DRUG CO. (U. S. A.) INC. 
75 Varick Street . New York, N. Y. 
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GEX The Vitamin B Complex Pioneer 


BREWERS YEAST 


COMPA THE EXTRINSIC FACTOR (ANEMIAS) 


EXTRINSIC FACTOR 


Vegex, the condensed extract from autolysed grain grown brewers’ 
Cane’ yeast had taken its place as a much liked addition in every day nutri- 
tion before the vitamin discoveries. It is meatlike in flavor—charac- 
teristic of autolysed yeast proteins—but is meat free. 


Throughout medical and biological research it is now well established as a potent, natural, 
palatable and easily borne source of the full Vitamin B Complex. In this it is an outstanding 
pioneer, including the growth factor in child feeding, promotion of lactation, use in gastro- 
enterology, beriberi and pellagra. 
Vegex was the pioneer in postulating and demonstrating the extrinsic factor (anemias). 


The sixtieth published medical report on Vegex in the anemias has been had. Its value for 
aiding the increase in erythrocyte count and hemoglobin percentage is uniformly shown. 


Vegex is economical for daily use. A scant teaspoonful in a cup of hot water—chilled if 


desired—a little in soup or a half teaspoonful in a cup of hot milk are the simple, palatable 
uses. 


Samples for personal or clinical use with special directions for physicians 
sent on request 


VITAMIN FOOD CO., INC. * VEGEX, INCORPORATED 


122 Hudson Street, New York, N. Y. 


A simple aqueous extract Due to the high concen- 
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THE INTERNATIONAL SIZE 1, TYPE SB CENTRIFUGE 


The Reinforced Size 1, Type SB Centrifuge is particularly suited 
for the busy research laboratory because of its adaptability to 
the exacting and various demands of this work. Due to its 
efficiency at high speeds and power for capacities up to 1 litre, 
this model is becoming more popular with research workers 
The reinforced “Size 1, Type SB" is equipped with an all- 
welded steel enclosing guard (as shown here) for safety when 
operating four 250 ml. cups at 3,000 r.p.m. or the Multispeed 
Attachment at 20,000 r.p.m. The portable stand provides sutti- 
cient stability and the convenience of an easily movable unit 
without the expense of a permanent mounting. 


INTERNATIONAL CENTRIFUGES 


are furnished in many types and sizes, all of the finest 
materials and designed, so far as possibile, to allow 
for future adaptation of improved accessories as devel- 
oped by the new principles of advanced technique. 


The new INDICATING TACHOMETER with speed range 
from 0 to 6,000 in steps of 100 r.p.m. is now built into the 
Size 1 (Type SB and Type C) and Size 2 Centrifuges. This 
instrument of recognized International quality in design and 
workmanship, shows at a glance the speed at which your centri- 
fuge is running for any setting of the rheostat. 


INTERNATIONAL EQUIPMENT COMPANY 


352 Western Avenue Makers of Fine Centrifuges Boston, Mass. 
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has been approved both by doctors and their 
patients. 


@ Patients approve because MALTINE wiTtH 
Cop Liver O11 hasn’t the unpleasant taste 
of the usual vitamin-bearing oils. 


@ Doctors approve its uniformity—reliability. 


@ Both approve the large bottle containing 18 
fluid ounces. 


The Maitine Company, 21 West Street, New York City 
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